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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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document, please confirm the latest product information with a Renesas sales office. Also, please pay
and careful attention to additional and different information to be disclosed by Renesas such as that di
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renese
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the info
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the informati
light of the total system before deciding about the applicability of such information to the intended appli
Renesas makes no representations, warranties or guaranties regarding the suitability of its products fo
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure
malfunction of which may cause a direct threat to human life or create a risk of human injury or which r
especially high quality and reliability such as safety systems, or equipment or systems for transportatio
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea commt
transmission. If you are considering the use of our products for such purposes, please contact a Renes
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth at
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes liste:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchase
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless F
Technology Corp., its affiliated companies and their officers, directors, and employees against any and
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with r
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfun
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have spe
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical in|
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since tt
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final prod
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesa
products are attached or affixed, the risk of accident such as swallowing by infants and small children i
high. You should implement safety measures so that Renesas products may not be easily detached frc
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior writ
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained ir
document, Renesas semiconductor products, or if you have any other inquiries.
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occur due to the false recognition of the pin state as an input signal. Unused pins
be handled as described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of regist
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, th
of pins are not guaranteed from the moment when power is supplied until the res
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-
function are not guaranteed from the moment when power is supplied until the pc
reaches the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functio
not access these addresses; the correct operation of LSl is not guaranteed if the!
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
stable. When switching the clock signal during program execution, wait until the targ
signal has stabilized.

— When the clock signal is generated with an external resonator (or from an extern.
oscillator) during a reset, ensure that the reset line is only released after full stabi
the clock signal. Moreover, when switching to a clock signal produced with an ex
resonator (or by an external oscillator) while program execution is in progress, w:
the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type numbe
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type nun
differ because of the differences in internal memory capacity and layout pattern.
changing to products of different type numbers, implement a system-evaluation t
each of the products.

Rev. 2.00 Jun. 28, 2007 Page iv of xxiv
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When designing an application system that includes this LSI, take all points to note
account. Points to note are given in their contexts and at the final part of each sect
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier
It does not cover all revised items. For details on the revised points, see the actual

The following documents have been prepared for the H8SX/1657 Group. Before usi
the documents, please visit our web site to verify that you have the most up-to-date
version of the document.

Document Type

Contents Document Title Docu

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8SX/1657 Group This r
assignments, memory maps, Hardware Manual

peripheral specifications, electrical
characteristics, and timing charts)
and descriptions of operation

Software Manual

Detailed descriptions of the CPU H8SX Family Software REJO

and instruction set Manual
Application Note Examples of applications and The latest versions are available f
sample programs web site.

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.

Rev. 2.00 Jun. 28, 2007 P
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Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAO or OXEFAO
Decimal: 1234

(4) Notation for active-low
An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF
(4) ()

14.2.2 Compare Match Control/Status Register_0, 1 (CMCSR_0,)CMCSR_1)

ion, enables or disables interrupts, and selects the counter
inte initializes the TCNT value to 0.

CMCSR indicates comparg
Qt clock. Generation o

14.3.1 Interval Count Operation
‘When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When ghe values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT i$ cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tipré,
at/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS

)
Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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Bit| Bit Name Ipitial Value R/W Description |

15 - i Reserved |
14 - ( These bits are always read as 0. )

13to 11 ASID2 to All O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved

This bit is always read as 0.

9 - 1 R Reserved
This bit is always read as 1.

W
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the conte!
manual.
(1) Bit
Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

(2) Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

-

3

=

G

-
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SCI Serial communication interface

TMR 8-bit timer
TPU 16-bit timer pulse unit
WDT Watchdog timer

e Abbreviations other than those listed above

Abbreviation Description

ACIA Asynchronous communication interface adapter
bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications

Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corpc
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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speed data transfer, and a bus-state controller, which enables direct connection to ditfere
of memory. The LSI of the Group also includes serial communication interfaces, A/D ar
converters, and a multi-function timer that makes motor control easy. Together, the moc
realize low-cost configurations for end systems. The power consumption of these modu
down dynamically by an on-chip power-management function. The on-chip ROM is a f
memory (F-ZTAT™) with a capacity of 768 Kbytes (H8SX/1657C) or 512 Kbytes (H8S

Note: * F-ZTAT™ is a trademark of Renesas Technology Corp.
111 Applications

Examples of the applications of this LSI include PC peripheral equipment, optical stora;
office automation equipment, and industrial equipment.

Notes: The following additions and changes have been made in the switch from the H¢
to the H8SX/1657C.

A sleep exception handling function has been added to the H8SX/1657C.
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RAM

RAM capacity: 24 Kbytes

CPU

CPU e 32-bit high-speed H8SX CPU (CISC type)
Upward-compatibility with H8/300, H8/300H, and H8S |
object level

e Sixteen 16-bit general registers
o Eleven addressing modes
e 4-Gbyte address space
Program: 4 Gbytes available
Data: 4 Gbytes available
e 87 basic instructions, classifiable as bit arithmetic and |
instructions, multiply and divide instructions, bit manipt
instructions, multiply-and-accumulate instructions, and
e Minimum instruction execution time: 20.0 ns (for an AD
instruction while system clock I = 50 MHz and
V., =3.0t03.6V)
e On-chip multiplier (16 x 16 — 32 bits)
e Supports multiply-and-accumulate instructions
(16 x 16 + 32 — 32 bits)
Operating e Advanced mode
mode
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Mode 5: On-chip ROM disabled external extended mode,
(selected by driving the MD1 pin low and driving
and MDO pins high)

Mode 6: On-chip ROM enabled external extended mode
(selected by driving the MDO pin low and driving
and MD1 pins high)

Mode 7: Single chip mode (external extension possible)
(selected by driving the MD2, MD1, and MDQO pir

e Power-down state (transition to the power-down state
the SLEEP instruction)

Interrupt
(source)

Interrupt
controller
(INTC)

Thirteen external interrupt pins (NMI, and IRQ11 to IR

64 internal interrupt sources

e Two interrupt control modes (specified by the interrup
register)

o Eight priority orders specifiable (by setting the interrug
register)

¢ Independent vector addresses
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transter sources)
controller . . .
(DTC) e Activated by interrupt sources (chain transfer enabled)
e Three transfer modes (normal transfer, repeat transfer,
block transfer)
e Short-address mode or full-address mode selectable
External bus Bus ¢ 16-Mbyte external address space
extension E:ggtcr:c;ller e The external address space can be divided into eight a

each of which is independently controllable

— Chip-select signals (CS0 to CA7) can be output

— Access in two or three states can be selected for ec
— Program wait cycles can be inserted

— The period of CS assertion can be extended

— lIdle cycles can be inserted

Bus arbitration function (arbitrates bus mastership amo
internal CPU, DMAC, and DTC, and external bus mast

Bus formats

External memory interfaces (for the connection of RON
ROM, SRAM, and byte control SRAM)

Address/data bus format: Support for both separate an
multiplexed buses (8-bit access or 16-bit access)

Endian conversion function for connecting devices in it
endian format
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— Moaules In the external space run in synchronizat
the external bus clock (B¢): 8 to 35 MHz

Includes a PLL frequency multiplication circuit and fre

divider, so the operating frequency is selectable

Four power-down modes: Sleep mode, all-module-clo

mode, software standby mode, and hardware standby

A/D converter

A/D
converter
(ADC)

10-bit resolution x eight input channels
Sample and hold function included

Conversion time: 7.4 us per channel (with peripheral 1
clock (P¢) at 35-MHz operation)

Two operating modes: single mode and scan mode

Three ways to start A/D conversion: software, timer (]
trigger, and external trigger

D/A converter

D/A
converter
(DAC)

8-bit resolution x two output channels

Output voltage: 0 V to Vref, maximum conversion time
(with 20-pF load)
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input capture p033|ble simultaneous mput/output for re
possible by counter synchronous operation, and up to
PWM output possible by combination with synchronous
operation

Buffered operation, cascaded operation (32 bits x two
channels), and phase counting mode (two-phase enco
input) settable for each channel

Input capture function supported

Output compare function (by the output of compare ma
waveform) supported

Program-
mable pulse
generator
(PPG)

16-bit pulse output

Four output groups, non-overlapping mode, and inverte
can be set

Selectable output trigger signals; the PPG can operate
conjunction with the data transfer controller (DTC) and
controller (DMAC)

Watchdog timer

Watchdog
timer
(WDT)

8 bits x one channel (selectable from eight counter inpt

Switchable between watchdog timer mode and interval
mode

Serial interface

Smart card/
SIM

Serial
communi-
cation
interface
(SCI)

Four channels (choice of asynchronous or clocked syn
serial communication mode)

Full-duplex communication capability
Select the desired bit rate and LSB-first or MSB-first tre

The SCI module supports a smart card (SIM) interface.
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vperating frequency/ vpcelalny reguctiCy. o 10 5o iz

Power supply voltage e Power supply voltage: Vcc = 3.0 to 3.6 V, AVcc = 3.0
e Supply current:

— 35 mA (typ.) (Vcc =3.3V, AVcc=3.3V, ¢ = Pp =

35 MHz)
Operating peripheral e 20 to +75°C (regular specifications)
temperature (°C) e 40 to +85°C (wide-range specifications)
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Producttypeno. R 5 F 61657C FT V

Indicates the Pb-free version.

Indicates the package.
FT: TQFP

Indicates the product-specific number.
H8SX/1657C

Indicates the type of ROM device.
F: On-chip ROM

Indicates the product classification
Microcomputer

R indicates a Renesas semiconductor

Figurel.l1 How to Read the Product Name Code
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ROM BsC [C— .
§ (:z K| TPU x 6 channels Port 6
5 2
@ s
@ g Port A
= o
H8sSX |[—| & = ) PPG
) c
CPU % |5
- = Port B
K| SCI x4 channels
Port D
— S DMAC x |, ——
pTe 4 channels
K| A/Dconverter Port E
Clock pulse Port F
generator K| D/Aconverter
Port H
><
4 Port |
o
©
c
2
x
s :
N
[Legend]

CPU:  Central processing unit ~ TMR: 8-bit timer

DTC: Data transfer controller TPU: 16-bit timer pulse unit

BSC: Bus controller PPG: Programmable pulse generator
DMAC: DMA controller SCl:  Serial communications interface
WDT:  Watchdog timer

Figurel.2 Internal Block Diagram
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P62/TMO2/SCK4/DACK2/IRQ10-B

PLLVce

P63/TMRI3/DREQ3/IRQ11-B

PLLVss

P64/TMCI3/TEND3
P65/TMO3/DACK3

MDO

P50/ANO/IRQO-B
P51/AN1/IRQ1-B
P52/AN2/IRQ2-B

AVce

P53/AN3/IRQ3-B

AVss

P54/AN4/IRQ4-B

Vref

P55/AN5/IRQ5-B
P56/AN6/DA0/IRQ6-B
P57/AN7/DA1/IRQ7-B

‘MD1

PAO/BREQO/BS-A
PA1/BACK/(RD/WR;
PA2/BREQWAIT
PA3/LLWR/LLB
PA4/LHWR/LUB

~_ PASRD

PA6/AS/AH/BS-B

Vss
PA7/Bo

c
PB0/CS0/CS4/CS5-B

PEULEEY 1HE

OO000000000000000000000000000m0

RRRRNURIEEIIIRE

104 HBSX/1657 Group
PTQPO120LA-A (TFP-120V)
107 (Top view)

118 33|
119
120

o
— QO ON DD —

EAERRRRRRE IR IR AR R AR AR R NEY

L N N NN NN SN SN SN )

©

di7

PE4/A12 <— []18
dio

26

ouoooooooon

SRIREREE

B

A

A

MD2
PF7/A23
PF6/A22
PF5/A21
PF4/A20

PF3/A19
Vss

Vss
PD5/A5 < [J27

PD4/A4 < []28

Vss
PF2/A18

Vce
PE3/A11 = [J20
PD3/A3 = [J29

PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-|

PB2/CS2-A/CS6-/
PE1/A9 = []22

PF1/A17 < C]12
PFO/A16 < []13
PE7/A15 <— []14
PE6/A14 <— []15
PE5/A13 <— []16
PE2/A10 =— []21
PEO/A8 <— []23
PD7/A7 < C]24
PD6/A6 <— []25
PD2/A2 < []30

PB3/CS3/CS7-

PH6/D6

PH5/D5

PH4/D4

Vss

PH3/D3

PH2/D2

PH1/D1

PHO/DO

NMI
P37/PO15/TIOCA2/TIOCB2/TCLKD-/
P36/PO14/TIOCA2
P35/PO13/TIOCA1/TIOCB1/TCLKC-/
P34/PO12/TIOCA1/TEND1-B
P33/PO11/TIOCCO/TIOCDO/TCLKB-/
P32/PO10/TIOCCO/TCLKA-A/DACKO
P31/PO9/TIOCAO/TIOCBO/TENDO-B

Vee
P30/PO8/TIOCA0/DREQO-B

ss
P27/PO7/TIOCAS/TIOCBS
P26/PO6/TIOCAS/TMO1/TxD1
P25/PO5/TIOCA4/TMCI1/RxD1
P24/PO4/TIOCA4/TIOCB4/TMRI1/SC
P23/PO3/TIOCC3/TIOCD3/IRQ11-A
P22/PO2/TIOCC3/TMO0/TxDO/IRQAC
P21/PO1/TIOCA3/TMCI0/RxD0/IRQ9
P20/POO/TIOCA3/TIOCB3/TMRI0/SC
MLE

PDO/AO
PD1/A1

Figure1.3 Pin Assignments
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I'LI_VCC iput PUWol oUpply piitivi o I LL LiITUUit.
PLLV Input Ground pin for the PLL circuit.
Clock XTAL Input Pins for a crystal resonator. An external clock sig
EXTAL Input input thr.ough the EXTAL pin. For an example of |
connection, see section 19, Clock Pulse Generat
Bo Output  Outputs the system clock for external devices.
Operating mode MD2 to MDO Input Pins for setting the operating mode. The signal le
control these pins must not be changed during operation
System control RES Input Reset pin. This LSI enters the reset state when tt
goes low.
STBY Input This LSI enters hardware standby mode when thi
goes low.
EMLE Input Input pin for the on-chip emulator enable signal. -
level should normally be fixed low.
Address bus A23 to A0 Output  Output pins for the address bits.
Data bus D15 to DO Input/ Input and output for the bidirectional data bus. Tt
output  also output addresses when accessing an addre:
multiplexed I/O interface space.
Bus control BREQ Input External bus-master modules assert this signal tc
the bus.
BREQO Output  Internal bus-master modules assert this signal to

access to the external space via the bus in the e
released state.
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Indicates the direction (input or output) of the data

Strobe signal which indicates that the higher-order
(D15 to D8) is valid in access to the basic bus inte
space.

Strobe signal which indicates that the lower-order
to DO) is valid in access to the basic bus interface

Strobe signal which indicates that the higher-order
(D15 to D8) is valid in access to the byte control S
interface space.

Strobe signal which indicates that the lower-order
to DO) is valid in access to the byte control SRAM
space.

Select signals for areas 7 to 0.

RD/WR Output
LHWR Output
LLWR Output
LUB Output
LLB Output
SO Output
S1
CS2-A/CS2-B
S3
S4
CS5-A/CS5-B
CS6-A/CS6-B
CS7-A/CS7-B
WAIT Input

Requests wait cycles in access to the external spa
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IRQ2-A/IRQ2-B
IRQ1-A/IRQ1-B
IRQO

-A/IRQO-B

DMA controller
(DMAC)

DREQO-A/DREQO-B
DREQ1-A/DREQ1-B
DREQ2
DREQS3

Input

Requests DMAC activation.

DACKO-A/DACKO-B
DACK1-A/DACK1-B
DACK2
DACK3

Output

DMAC single address-transfer acknowledge sign

TENDO-A/TENDO-B
TEND1-A/TEND1-B
TEND2
TEND3

Output

Indicates end of data transfer by the DMAC.

16-bit timer
pulse unit (TPU)

TCLKA-A/TCLKA-B
TCLKB-A/TCLKB-B
TCLKC-A/TCLKC-B
TCLKD-A/TCLKD-B

Input

Input pins for the external clock signals.

TIOCAO
TIOCBO
TIOCCO
TIOCDO

Input/
output

Signals for TGRA_O to TGRD_O. These pins are
input capture inputs, output compare outputs, or
outputs.

TIOCA1
TIOCBH1

Input/
output

Signals for TGRA_1 and TGRB_1. These pins ar
input capture inputs, output compare outputs, or
outputs.
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TIOCAS Input/ Signals for TGRA_S and TGRB_5. These pins are
TIOCB5 output  input capture inputs, output compare outputs, or P
outputs.
Programmable PO15 to POO Output  Output pins for the pulse signals.
pulse generator
(PPG)
8-bit timer TMOO to TMO3 Output  Output pins for the compare match signals.
(TMR) TMCIO to TMCI3 Input Input pins for the external clock signals that drive f
counters.
TMRIO to TMRI3 Input Input pins for the counter-reset signals.
Watchdog timer WDTOVF Output  Output pin for the counter-overflow signal in watch
(WDT) mode.
Serial TxDO to TxD4 Output  Output pins for data transmission.
communication
interface (SCI)
RxDO to RxD4 Input Input pins for data reception.
SCKO to SCK4 Input/ Input/output pins for clock signals.
output
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Reference power supply pin for the A/D and D/A

Vref Input
When the A/D and D/A converters are not in use,
this pin to the system power supply.
1/0 ports P17 to P10 Input/ 8-bit input/output pins.
output
P27 to P20 Input/ 8-bit input/output pins.
output
P37 to P30 Input/ 8-bit input/output pins.
output
P57 to P50 Input 8-bit input/output pins.
P65 to P60 Input/ 6-bit input/output pins.
output
PA7 Input Input-only pin.
PAG6 to PAO Input/ 7-bit input/output pins.
output
PB3 to PBO Input/ 4-bit input/output pins.
output
PD7 to PDO Input/ 8-bit input/output pins.
output
PE7 to PEO Input/ 8-bit input/output pins.
output
PF7 to PFO Input/ 8-bit input/output pins.
output
PH7 to PHO Input/ 8-bit input/output pins.
output
PI7 to PIO Input/ 8-bit input/output pins.
output
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Upwalu-colpdauolic will 116/0UV, 116/0UVIL1, alll 1100 LI US

— Can execute H8/300, H8/300H, and H8S/2000 object programs

Sixteen 16-bit general registers

— Also usable as sixteen 8-bit registers or eight 32-bit registers

87 basic instructions

— 8/16/32-bit arithmetic and logic instructions

— Multiply and divide instructions

— Bit field transfer instructions

— Powerful bit-manipulation instructions

— Bit condition branch instructions

— Multiply-and-accumulate instruction

Eleven addressing modes

— Register direct [Rn]

— Register indirect [@ERn]

— Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn

— Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]

— Register indirect with pre-/post-increment or pre-/post-decrement [ @+ERn, @1
@ERn+, or @ERn—]

— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]

— Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]

— Program-counter relative [@(d:8,PC) or @(d:16,PC)]

— Program-counter relative with index register [@(RnL.B,PC), @(Rn.W,PC), or
@(ERn.L,PC)]

— Memory indirect [@ @aa:8]

— Extended memory indirect [@ @vec:7]
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— 16 + 8-bit register-register divide: 10 states
— 16 x 16-bit register-register multiply: 1 state
— 32 + 16-bit register-register divide: 18 states
— 32 x 32-bit register-register multiply: 5 states
— 32 + 32-bit register-register divide: 18 states

e Four CPU operating modes
— Normal mode
— Middle mode
— Advanced mode
— Maximum mode

e Power-down modes
— Transition is made by execution of SLEEP instruction
— Choice of CPU operating clocks

Notes: 1. Advanced mode is only supported as the CPU operating mode of the H8SX/1¢
Group. Normal, middle, and maximum modes are not supported.

2. The multiplier and divider are supported by the H8SX/1657 Group.
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LUFU operating modes |

Maximum 16-Mbyte progran
Advanced mode area and 4-Gbyte data area,
maximum 4 Gbytes for prog
and data areas combined

Maximum 4 Gbytes for prog
and data areas combined

Maximum mode

Figure2.1 CPU Operating Modes

221 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Note: Normal mode is not supported in this LSI.

Address Space

The maximum address space of 64 Kbytes can be accessed.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-
segments of 32-bit registers. When the extended register En is used as a 16-bit regist
contain any value, even when the corresponding general register Rn is used as an ad
register. (If the general register Rn is referenced in the register indirect addressing m
pre-/post-increment or pre-/post-decrement and a carry or borrow occurs, however, t
the corresponding extended register En will be affected.)

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effecti
addresses (EA) are valid.
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Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressin

are used in the JMP and JSR instructions. An 8-bit absolute address included in the in

code specifies a memory location. Execution branches to the contents of the memory
e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an except

handling are shown in figure 2.3. The PC contents are saved or restored in 16-bit unit

\/\\/\

SP—>| PC . SP EXR*!
(16 bits) w2 Reserved+!. *3
(SP —) CCR
\/\ CCR’S
. PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.3 Stack Structure (Normal Mode)
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1NC exXtended registers (EU 10 /) €an 6C uscd as 10-DIt ICZISIETS, Or as tnc upper 16-
segments of 32-bit registers. When the extended register En is used as a 16-bit regist
other than the JMP and JSR instructions), it can contain any value even when the
corresponding general register Rn is used as an address register. (If the general regis
referenced in the register indirect addressing mode with pre-/post-increment or pre-/
decrement and a carry or borrow occurs, however, the value in the corresponding ex
register En will be affected.)

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effecti
addresses (EA) are valid and the upper eight bits are sign-extended.

Exception Vector Table and Memory Indirect Branch Addresses

In middle mode, the top area starting at H'000000 is allocated to the exception vecto
One branch address is stored per 32 bits. The upper eight bits are ignored and the loy
are stored. The structure of the exception vector table is shown in figure 2.4.

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressi
are used in the JMP and JSR instructions. An 8-bit absolute address included in the i
code specifies a memory location. Execution branches to the contents of the memory
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branc
The upper eight bits are reserved and assumed to be H'00.

Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an excej
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit un:
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e Instruction Set

All instructions and addressing modes can be used.

e Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception ve
table. One branch address is stored per 32 bits. The upper eight bits are ignored and tt
24 bits are stored. The structure of the exception vector table is shown in figure 2.4.

H'00000000
H'00000001

H'00000002 |
H'00000003

H'00000004
H'00000005

H00000006 |
H'00000007

Reserved

> Exception vector table

Figure2.4 Exception Vector Table (Middle and Advanced M odes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressin
are used in the JMP and JSR instructions. An 8-bit absolute address included in the in
code specifies a memory location. Execution branches to the contents of the memory

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit brar
address. The upper eight bits are reserved and assumed to be H'00.

Rev. 2.00 Jun. 28, 2007 Page 22 of 864

REJ09B0341-0200

RENESAS



I | [~

\«4 DIS) |

(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.5 Stack Structure (Middle and Advanced M odes)

224 Maximum Mode

The program area is extended to 4 Gbytes as compared with that in advanced mode.

Address Space
The maximum address space of 4 Gbytes can be linearly accessed.
Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-1
segments of 32-bit registers or address registers.

Instruction Set
All instructions and addressing modes can be used.
Exception Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception
table. One branch address is stored per 32 bits. The structure of the exception vector
shown in figure 2.6.
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The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressin
are used in the JMP and JSR instructions. An 8-bit absolute address included in the in
code specifies a memory location. Execution branches to the contents of the memory

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit bra

address.

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an except
handling are shown in figure 2.7. The PC contents are saved or restored in 32-bit unit

Figure2.6 Exception Vector Table (Maximum M odes)

EXR contents are saved or restored regardless of whether or not EXR is in use.

\/—\

SP—|

PC
(32 bits)

\/\

(a) Subroutine Branch

\_/—\

SP—

EXR

CCR

PC
(32 bits)

\/\

(b) Exception Handling

Figure2.7 Stack Structure (Maximum Mode)
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CPU operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
HOO7FFF L o]
Program area
Data area
§ (64 Kbytes) | Program area
HFFFF (16 Mbytes)
Program area
|| Dataarea | (16 Mbytes)
(64 Kbytes)
NS EEEEERELED
HFFFFFF HOOFFFFFFL o v eeeeaad |
|__ Data area
(4 Gbytes)
HFFFFFFFF] i HFFFFFFFF

Figure2.8 Memory Map
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ER1
ER2
ER3
ER4
ER5
ER6
ER7 (SP)

Control Registers

PC

VBR

SBR

MAC

[Legend]

v iV
E1 R1H R1L
E2 R2H R2L
E3 R3H R3L
E4 R4H R4L
E5 R5H R5L
E6 R6H R6L
E7 R7H R7L
31
765432
ccr |1 JulH]u[nfz]\
7654321
exr [T el
31 12
I (Reserved)
31 8
I | (Reserved)
63 41
Sign extension : MACH
MACL
31

SP: Stack pointer

PC: Program counter

CCR: Condition-code register

I: Interrupt mask bit

Ul:  User bit or interrupt mask bit

H: Half-carry flag

u: User bit

N:  Negative flag

Z: Zero flag

V: Overflow flag

C: Carry flag

EXR: Extended control register

T: Trace bit

12 to 10: Interrupt mask bits

VBR: Vector base register

SBR: Short address base register
MAC: Multiply-accumulate register

Figure2.9 CPU Registers
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general registers designated by the letters E (EO to E7) and R (RO to R7). These register
functionally equivalent, providing a maximum sixteen 16-bit registers. The E registers (
are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided into 8-
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These regist
functionally equivalent, providing a maximum sixteen 8-bit registers.

The general registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also us
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

o Address registers * 16-bit registers

* 32-bit registers General registers E
e 32-bit index registers (EO to E7)
General registers ER « 8-bit registers
(ERO to ER7) ) ’ —
* 16-bit registers General registers Rl
* 16-bit index registers (ROH to R7H)
General registers R
(ROto R7) o 8-bit registers

* 8-bit index registers

General registers Rl
(ROL to R7L)

Figure2.10 Usage of General Registers
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Figure2.11 Stack

252 Program Counter (PC)

PC is a 32-bit counter that indicates the address of the next instruction the CPU will exec
length of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least si
bit is ignored. (When the instruction code is fetched, the least significant bit is regarded a
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Bit Bit Name  Value RIW Description

7 | 1 R/W Interrupt Mask Bit

Masks interrupts when set to 1. This bit is
the start of an exception handling.

6 ul Undefined R/W User Bit or Interrupt Mask Bit

Can be written to and read from by softwa
the LDC, STC, ANDC, ORC, and XORC
instructions. This bit can also be used as
interrupt mask bit.

5 H Undefined R/W Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUB>
CMP.B, or NEG.B instruction is executed,
set to 1 if there is a carry or borrow at bit
cleared to 0 otherwise. When the ADD.W,
CMP.W, or NEG.W instruction is executec
is set to 1 if there is a carry or borrow at b
cleared to 0 otherwise. When the ADD.L,

CMP.L, or NEG.L instruction is executed,

set to 1 if there is a carry or borrow at bit
cleared to 0 otherwise.

4 U Undefined R/W User Bit

Can be written to and read from by softwe
the LDC, STC, ANDC, ORC, and XORC
instructions.

3 N Undefined R/W Negative Flag

Stores the value of the most significant bit
as sign bit) of data.
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MDY F Aty e i TVIATvitiy typPeyYee
e Carry from the result of addition

* Borrow from the result of subtraction

e Carry from the result of shift or rotation

The carry flag is also used as a bit accumu
bit manipulation instructions.

254 Extended Control Register (EXR)

EXR is an 8-bit register that contains the trace bit (T) and three interrupt mask bits (I2 to

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XOR

instructions.

For details, see section 4, Exception Handling.

Initial

Bit Bit Name  Value R/W Description

7 T 0 R/W Trace Bit
When this bit is set to 1, a trace exception i
generated each time an instruction is execl
When this bit is cleared to 0, instructions ar
executed in sequence.

6to3 — All 1 R/W Reserved

These bits are always read as 1.
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reset and a CPU a(idress error (extended memory indirect is also oui of the target)—. The :
value is H'00000000. The VBR contents are changed with the LDC and STC instruction

256 Short Address Base Register (SBR)

SBR is a 32-bit register in which the upper 24 bits are valid. The lower eight bits are rea
8-bit absolute address addressing mode (@aa:8), this register is used as the upper addre:
initial value is H'FFFFFF00. The SBR contents are changed with the LDC and STC inst

257 Multiply-Accumulate Register (MAC)

MAC is a 64-bit register that stores the results of multiply-and-accumulate operations. I
of two 32-bit registers denoted MACH and MACL. The lower 10 bits of MACH are val
upper bits are sign extended. The MAC contents are changed with the MAC, CLRMAC
and STMAC instructions.

258 Initial Values of CPU Registers

Reset exception handling loads the start address from the vector table into the PC, clear:
in EXR to 0, and sets the I bits in CCR and EXR to 1. The general registers, MAC, and
bits in CCR are not initialized. In particular, the initial value of the stack pointer (ER7) i
undefined. The SP should therefore be initialized using an MOV.L instruction executed
immediately after a reset.
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Figure 2.12 shows the data formats in general registers.

7 0
1-bit data RnH
1-bit data RnL
4-bit BCD data RnH
4-bit BCD data RnL
7 43 0
Byte data RnH
7 0
MSB s T
Word data Rn 7 0
Word data En MSB LSB
15 0
Longword data ERn HHEEEEEEEEEREEEE
MSB LSB
15 0
MSB LSB
31 1615 0
MSB En Rn LSB
[Legend]
ERn: General register ER RnL: General register RL
En:  General register E MSB: Most significant bit
Rn:  General register R LSB: Least significant bit

RnH: General register RH

Figure2.12 General Register Data Formats

Rev. 2.00 Jun. 28, 2007 Page 32 of 864
REJ09B0341-0200 RENESAS



the stack manipulation, branch table manipulation, block transfer instructions, and MA(
instruction should be located to even addresses.

When SP (ER7) is used as an address register to access the stack, the operand size shoul

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Data Format

Address /\_/

7 0
AddressL | 7 | 6 5 4 3 2 1 0
AddressL [MsB: ¢ i+ i i isB
Address 2M MSBE E E E E E E
Address 2M + 1 E E E E E E ELSB
Address 2N MSBE E E E E E E
Address 2N + 1
Address 2N + 2 H H H H H H H
Address 2N + 3 E E E E E E ELSB

Figure2.13 Memory Data For mats
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POP, PUSH*' WiL

LDM, STM L
MOVA B/W?
Block transfer EEPMOQV B
MOVMD B/WI/L
MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/WI/L
operations
DAA, DAS
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
MULU, DIVU, MULS, DIVS W/L
MULU/U, MULS/U L
EXTU, EXTS W/L
TAS B
MAC —
LDMAC, STMAC —
CLRMAC —
Logic operations ~ AND, OR, XOR, NOT B/WI/L
Shift SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/WI/L

Bit manipulation ~ BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B
BXOR, BIXOR, BLD, BILD, BST, BIST

BSET/EQ, BSET/NE, BCLR/EQ, BCLR/NE, BSTZ, BISTZ B
BFLD, BFST B
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B:

Notes:

Byte size
Word size
Longword size

1.

oo s 0N

POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W
@-SP.

POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.|
@-SP.

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.

Size of general register to be restored

Not available in this LSI.
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Data MOV BWL S SD SD SD SD SD SD
transfer
B S/D )
MOVFPE, B S/D S/D*
MOVTPE*"
POP, PUSH WIL S/D S/D*
LDM, STM L S/D S/D*
MOVA** B/W S s S S S S
Block EEPMOV B
transfer  “movmp B/W/L
MOVSD B
Arithmetic ADD, CMP B S D D D D D D D
operations B s D D D D D D
B D S S S S S S
B SD  SD SD SD SD
WL S SD SD SD SD SD SD
SuB S D D D D D D
B S D D D D D D
B D S S S S S S
B SD SD SD SD SD
WL S SD SD SD SD SD SD
ADDX, BWL S SD
SUBX
BWL S SD
BWL S SD*°
INC,DEC  B/WIL D
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DIVXS
MULS, DIVS  W/L S:4 SD

NEG B D D D D D D D
WL D D D D D D
EXTU, EXTS W/L D D D D D D
TAS B D
MAC —
CLRMAC —
LDMAC — s
STMAC — D
Logic AND, OR, B S D D D D D D
operations XOR B D S S S S S S
B SD SD SD SD SD
WL S SD SD SD SD  sD SD
NOT B D D D D D D D
WL D D D D D D
Shift SHLL, SHLR B D D D D D D D
B/W/L* D D D D D D
B/W/L* D
SHAL, SHAR B D D D D D D D
ROTL, ROTR "y, D D D D D D
ROTXL,
ROTXR
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BILD, BST,

BIST, BSTZ,
BISTZ
BFLD B D S S S
BFST B S D D D
Branch BRA/BS, B S S S
BRA/BC*®
BSR/BS, B S S S
BSR/BC**
System LDC B/W* 8§ S S S S S
control (CCR, EXR)
LDC L S
(VBR, SBR)
STC B/W*° D D D D*" D
(CCR, EXR)
STC L D
(VBR, SBR)
ANDC, ORC, B S
XORC
SLEEP —
NOP —
[Legend]
d: d:16 or d:32
S: Can be specified as a source operand.
D: Can be specified as a destination operand.

SD: Can be specified as either a source or destination operand or both.
S/D:  Can be specified as either a source or destination operand.
S:4:  4-bitimmediate data can be specified as a source operand.
Notes: 1. Only @aa:16 is available.
2. @ERn+ as a source operand and @—-ERn as a destination operand

3. Specified by ERS5 as a source address and ER6 as a destination address for d
transfer.
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~ 7

Addressing Mode

@(RnL.
B/Rn.W/
Classifi- ERn.L,
cation Instruction Size @ERN @(d,PC) PC) @aa:24 @aa32 @@ aa8 @@
Branch BRA/BS, — (0]
BRA/BC
BSR/BS, — (0]
BSR/BC
Bcc — (0]
BRA — (0] (0]
BRA/S — O*
JMP — (0] O (0] (0] (0]
BSR — (0]
JSR — (0] (0] (0] (0] (0]
RTS, RTS/L —
System TRAPA —
control - “rE RTEL —
[Legend]
d: d:8 or d:16
Note: * Only @(d:8, PC) is available.

RENESAS

Rev. 2.00 Jun. 28, 2007 Pa
REJOS



ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register
VBR Vector base register

SBR Short address base register
N N (negative) flag in CCR

Z Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit regi
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Saves general register contents on the stack.
LDM L @SP+ — Rn (register list)

Restores the data from the stack to multiple general registers. T
or four general registers which have serial register numbers car
specified.

ST™M L Rn (register list) > @-SP

Saves the contents of multiple general registers on the stack. T
or four general registers which have serial register numbers car
specified.

MOVA B/W EA —» Rd

Zero-extends and shifts the contents of a specified general regi
memory data and adds them with a displacement. The result is
general register.

Note: Not available in this LSI.
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MOVMD.W

Transfers a data block.

Transfers word data which begins at a memory location specifiec
to a memory location specified by ER6. The number of word datz
transferred is specified by R4.

MOVMD.L L Transfers a data block.
Transfers longword data which begins at a memory location spe
ERS5 to a memory location specified by ER6. The number of long
data to be transferred is specified by R4.

MOVSD.B B Transfers a data block with zero data detection.

Transfers byte data which begins at a memory location specified
to a memory location specified by ER6. The number of byte data
transferred is specified by R4. When zero data is detected during
the transfer stops and execution branches to a specified address
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NGV

D/VV/

nu_ 1 —7 N4y, u_Lc—7I1W\J

DEC Increments or decrements a general register by 1 or 2. (Byte or
can be incremented or decremented by 1 only.)

ADDS L Rd+1—>Rd, Rd+t2 > Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a gener

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general re
referring to the CCR to produce 2-digit 4-bit BCD data.

MULXU B/W Rd x Rs - Rd
Performs unsigned multiplication on data in two general registel
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU WI/L Rd x Rs - Rd
Performs unsigned multiplication on data in two general registe
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU/U L Rd x Rs — Rd
Performs unsigned multiplication on data in two general registe
x 32 bits — upper 32 bits).

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general registers:
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULS WI/L Rd x Rs — Rd
Performs signed multiplication on data in two general registers:
bits x 16 bits — 16 bits, or 32 bits x 32 bits — 32 bits.

MULS/U L Rd x Rs — Rd
Performs signed multiplication on data in two general registers
32 bits — upper 32 bits).

DIVXU B/W Rd + Rs —> Rd

Performs unsigned division on data in two general registers: eit
+ 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bit:
quotient and 16-bit remainder.
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Compares data between immediate data, general registers, and
and stores the result in CCR.

NEG B/W/L 0 - (EAd) - (EAd)
Takes the two's complement (arithmetic complement) of data in
register or the contents of a memory location.
EXTU WI/L (EAd) (zero extension) — (EAd)
Performs zero-extension on the lower 8 or 16 bits of data in a ge
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to long
be zero-extended.
EXTS WI/L (EAd) (sign extension) — (EAd)
Performs sign-extension on the lower 8 or 16 bits of data in a gel
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to long
be sign-extended.
TAS B @ERd - 0, 1 > (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7) t
MAC — (EAs) x (EAd) + MAC — MAC
Performs signed multiplication on memory contents and adds the
MAC.
CLRMAC — 0 —> MAC
Clears MAC to zero.
LDMAC — Rs - MAC
Loads data from a general register to MAC.
STMAC — MAC — Rd

Stores data from MAC to a general register.
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data general registers, and memory.

NOT B/W/L ~ (EAd) — (EAd)
Takes the one's complement of the contents of a general regist
memory location.

Table2.8 Shift Operation Instructions

Instruction  Size Function

SHLL B/W/L  (EAd) (shift) > (EAd)

SHLR Performs a logical shift on the contents of a general register or
location.
The contents of a general register or a memory location can be
1, 2, 4, 8, or 16 bits. The contents of a general register can be ¢
any bits. In this case, the number of bits is specified by 5-bit imr
data or the lower 5 bits of the contents of a general register.

SHAL B/W/L  (EAd) (shift) > (EAd)

SHAR Performs an arithmetic shift on the contents of a general registe
memory location.
1-bit or 2-bit shift is possible.

ROTL B/W/L (EAd) (rotate) — (EAd)

ROTR Rotates the contents of a general register or a memory location
1-bit or 2-bit rotation is possible.

ROTXL B/W/L (EAd) (rotate) —» (EAd)

ROTXR Rotates the contents of a general register or a memory location

carry bit.
1-bit or 2-bit rotation is possible.
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BCLR B

0 — (<bit-No.> of <EAd>)

Clears a specified bit in the contents of a general register or a m
location to 0. The bit number is specified by 3-bit immediate data
lower three bits of a general register.

BCLR/cc B

if cc, 0 — (<bit-No.> of <EAd>)

If the specified condition is satisfied, this instruction clears a spe
in a memory location to 0. The bit number can be specified by 3-
immediate data, or by the lower three bits of a general register. T
status can be specified as a condition.

BNOT B

~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

Inverts a specified bit in the contents of a general register ora m
location. The bit number is specified by 3-bit immediate data or ti
three bits of a general register.

BTST B

~ (<bit-No.> of <EAd>) —» Z

Tests a specified bit in the contents of a general register or a me
location and sets or clears the Z flag accordingly. The bit numbe;
specified by 3-bit immediate data or the lower three bits of a gen
register.

BAND B

C A (<bit-No.> of <EAd>) - C

ANDs the carry flag with a specified bit in the contents of a genel
register or a memory location and stores the result in the carry fl:
bit number is specified by 3-bit immediate data.

BIAND B

C A [~ (<bit-No.> of <EAd>)] - C

ANDs the carry flag with the inverse of a specified bit in the conte
general register or a memory location and stores the result in the
flag. The bit number is specified by 3-bit immediate data.
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general register or a memory location and stores the result in th
flag. The bit number is specified by 3-bit immediate data.

BIXOR C @ [~ (<bit-No.> of <EAd>)] » C
Exclusive-ORs the carry flag with the inverse of a specified bit i
contents of a general register or a memory location and stores 1
in the carry flag. The bit number is specified by 3-bit immediate

BLD (<bit-No.> of <EAd>) —» C
Transfers a specified bit in the contents of a general register or
location to the carry flag. The bit number is specified by 3-bit im
data.

BILD ~ (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in the contents of a gene
register or a memory location to the carry flag. The bit number i
by 3-bit immediate data.

BST C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in the contents ©
general register or a memory location. The bit number is specifi
immediate data.

BSTZ Z — (<bit-No.> of <EAd>)
Transfers the zero flag value to a specified bit in the contents of
memory location. The bit number is specified by 3-bit immediate

BIST ~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in
contents of a general register or a memory location. The bit nun
specified by 3-bit immediate data.
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Table2.10 Branch Instructions

Instruction  Size Function

BRA/BS B Tests a specified bit in memory location contents. If the specified

BRA/BC condition is satisfied, execution branches to a specified address.

BSR/BS B Tests a specified bit in memory location contents. If the specified

BSR/BC condition is satisfied, execution branches to a subroutine at a sp:
address.

Bcc — Branches to a specified address if the specified condition is satis

BRA/S — Branches unconditionally to a specified address after executing t
instruction. The next instruction should be a 1-word instruction e
the block transfer and branch instructions.

JMP — Branches unconditionally to a specified address.

BSR — Branches to a subroutine at a specified address.

JSR — Branches to a subroutine at a specified address.

RTS — Returns from a subroutine.

RTS/L — Returns from a subroutine, restoring data from the stack to multij

general registers.
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Although CCR and EXR are 8-bit registers, word-size transfers
performed between them and memory. The upper 8 bits are val

Rs — VBR, Rs —» SBR
Transfers the general register contents to VBR or SBR.

STC

B/W

CCR — (EAd), EXR — (EAd)
Transfers the contents of CCR or EXR to a general register or r

Although CCR and EXR are 8-bit registers, word-size transfers
performed between them and memory. The upper 8 bits are val

VBR — Rd, SBR — Rd
Transfers the contents of VBR or SBR to a general register.

ANDC

CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.

ORC

CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.

XORC

CCR @ #IMM — CCR, EXR @ #IMM — EXR

Logically exclusive-ORs the CCR or EXR contents with immedi:

NOP

PC+2—-PC

Only increments the program counter.
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(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm

MOV.B @(d:16, Rn), Rm, &

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure2.14 Instruction Formats

e Operation Field

Indicates the function of the instruction, and specifies the addressing mode and opera
carried out on the operand. The operation field always includes the first four bits of th
instruction. Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by
4 bits. Some instructions have two register fields. Some have no register field.

e Effective Address Extension

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition Field

Specifies the branch condition of Bcce instructions.
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Register direct Rn
Register indirect @ERN

Register indirect with displacement

@(d:2,ERn)/@(d:16,ERN)/@(d:32,E

A ow| N =

Index register indirect with displacement

@(d:16, RnL.B)/@(d:16,Rn.W)/@(d:
@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:

Register indirect with post-increment

@ERN+

Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERn
Register indirect with post-decrement @ERN-

Absolute address

@aa:8/@aa:16/@aa:24/@aa:32

Immediate

H#XX:3/H#XX:A4/#XX:8/#xX:16/#xx:32

Program-counter relative

@(d:8,PC)/@(d:16,PC)

Program-counter relative with index register

@(RnL.B,PC)/@(Rn.W,PC)/@(ERn.

Memory indirect

@ @aa:8

= | =2O|0(N| O

- O

Extended memory indirect

@ @vec:7

RENESAS
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In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 b
valid and the upper 8 bits are all assumed to be 0 (H'00).

283 Register Indirect with Displacement—@(d:2, ERn), @(d:16, ERn), or @(C
ERnN)

The operand value is the contents of a memory location which is pointed to by the sum o
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified t
register field of the instruction code. The displacement is included in the instruction code
16-bit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used wt
displacement is 1, 2, or 3 and the operand is byte data, when the displacement is 2, 4, or ¢
operand is word data, or when the displacement is 4, 8, or 12 and the operand is longwort

284 Index Register Indirect with Displacement—@(d: 16,RnL .B), @(d:32,RnL
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERnN.L), or @(d:32,ERn.L)

The operand value is the contents of a memory location which is pointed to by the sum o
following operation result and a 16- or 32-bit displacement: a specified bits of the conten
address register (RnL, Rn, ERn) specified by the register field in the instruction code are
extended to 32-bit data and multiplied by 1, 2, or 4. The displacement is included in the i
code and the 16-bit displacement is sign-extended when added to ERn. If the operand is
ERn is multiplied by 1. If the operand is word or longword data, ERn is multiplied by 2 ¢
respectively.
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(2) Register indirect with pre-decrement—@-ERnN

The operand value is the contents of a memory location which is pointed to by the follo
operation result: the value 1, 2, or 4 is subtracted from the contents of an address registe
ERn is specified by the register field of the instruction code. After that, the operand valt
in the address register. The value subtracted is 1 for byte access, 2 for word access, or 4
longword access.

(3) Register indirect with pre-increment—@+ERN

The operand value is the contents of a memory location which is pointed to by the follo
operation result: the value 1, 2, or 4 is added to the contents of an address register (ERn
specified by the register field of the instruction code. After that, the operand value is sto
address register. The value added is 1 for byte access, 2 for word access, or 4 for longwe

(4) Register indirect with post-decrement—@ERN—

The operand value is the contents of a memory location which is pointed to by the conte
address register (ERn). ERn is specified by the register field in the instruction code. Aft
memory location is accessed, 1, 2, or 4 is subtracted from the address register contents ¢
subtraction result is stored in the address register. The value subtracted is 1 for byte accc
word access, or 4 for longword access.

In the case of (1) to (4) above, if the contents of a general register which is also used as

register is written to memory using this addressing mode, data to be written is the conte:
general register after calculating an effective address. If the same general register is spe
instruction and two effective addresses are calculated, the contents of the general registe
first calculation of an effective address is used in the second calculation of an effective
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2.8.6 Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24, or @aa: 32

The operand value is the contents of a memory location which is pointed to by an absolut
included in the instruction code.

There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and 32-bit (@aa:32) absolute
addresses.

To access the data area, the absolute address of 8 bits (@aa:8), 16 bits (@aa:16), or 32 bi
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. F
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can ac
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32)
For a 24-bit absolute address, the upper 8 bits are all assumed to be 0 (H'00).

Table 2.13 shows the accessible absolute address ranges.
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32 bits H'00000000 to  H'000(
(@aa:32) H'0OFFFFFF  H'FFF
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manipulation mstructions contain 5-bit immeadiate data in the istruction code, Ior Specily
number. The BFLD and BFST instructions contain 8-bit immediate data in the instructior
for specifying a bit field. The TRAPA instruction contains 2-bit immediate data in the ins
code, for specifying a vector address.

2.8.8 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC):

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch
which is the sum of an 8- or 16-bit displacement in the instruction code and the 32-bit ad
the PC contents. The 8-bit or 16-bit displacement is sign-extended to 32 bits when added
contents. The PC contents to which the displacement is added is the address of the first b
next instruction, so the possible branching range is —126 to +128 bytes (—63 to +64 word:
—32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The rest
value should be an even number. In advanced mode, only the lower 24 bits of this branch
are valid; the upper 8 bits are all assumed to be 0 (H'00).

289 Program-Counter Relative with Index Register—@(RnL .B, PC), @(Rn.W
@(ERN.L, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch
which is the sum of the following operation result and the 32-bit address of the PC conter
contents of an address register specified by the register field in the instruction code (RnL.
ERn) is zero-extended and multiplied by 2. The PC contents to which the displacement is
the address of the first byte of the next instruction. In advanced mode, only the lower 24 |
this branch address are valid; the upper 8 bits are all assumed to be 0 (H'00).
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advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

Note that the top part of the address range is also used as the exception handling vector -
vector address of an exception handling other than a reset or a CPU address error can be

by VBR.

Figure 2.15 shows an example of specification of a branch address using this addressing

\/_\\/—\

- Specified
Specified — e B Reserved |
by @aa:8 s Branch address ---{ by @aa:8
Branch address
(a) Normal Mode (b) Advanced Mode

Figure2.15 Branch Address Specification in Memory Indirect Mode
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advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mo«
lower bits of the effective address are valid and the upper bits are ignored (zero extended
extended) according to the CPU operating mode.

The valid bits in middle mode are as follows:

e The lower 16 bits of the effective address are valid and the upper 16 bits are sign-exte
the transfer and operation instructions.

e The lower 24 bits of the effective address are valid and the upper eight bits are zero-e
for the branch instructions.
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Register indirect with 32-bit displacement 31 0
'. General register contents 31
op T T
| C_I'_g | | djﬁE
Index register indirect with 16-bit displacement 31 0
Zero extension
Contents of general register (RL, R, or ER) 1,2, or4
31
31 15 1

Sign extension

Index register indirect with 32-bit displacement

o T T 1
_'_E |

Register indirect with post-increment or post-decrement

31

Register indirect with pre-increment or pre-decrement

31

ll General register contents

1,2,0r4

8-bit absolute address

31 7 0 31
. m——
16-bit absolute address
o 1 | 15 0 31
| =aa | | aa ——
T
32-bit absolute address
op 31 0 31
L aa ] [ aa —
T T
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L 1

3 | Program-counter relative with index register 31 0
1 Zero extension |

Contents of general register (RL, R, or ER) ®

| oo 11 | 31
31 o @
| PC contents
4 | 24-bit absolute address Zero
31extension 23 0 31
| op | aa | | aa F—+
T ¥
32-bit absolute address
[ op ] 31 0 31
[ e ] [ = 1
)

5 | Memory indirect

31 7V o

31 0 31

[ Memory contents F—-"r1

6 | Extended memory indirect

[ Zero oxtension ] I
2o0rd4
31 o
|

31 0 31
L Memory contents ——1

2813 MOVA Instruction
The MOV A instruction stores the effective address in a general register.

Firstly, data is obtained by the addressing mode shown in item 20f table 2.14.

2. Next, the effective address is calculated using the obtained data as the index by the ac
mode shown in item 5 of table 2.14. The obtained data is used instead of the general 1
The result is stored in a general register. For details, see H8SX Family Software Man
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The reset state can also be entered by a watchdog timer overflow when available.
Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the
processing flow due to activation of an exception source, such as, a reset, trace, inter
trap instruction. The CPU fetches a start address (vector) from the exception handlin
table and branches to that address. For further details, refer to section 4, Exception F

Program execution state

In this state the CPU executes program instructions in sequence.

Bus-released state

The bus-released state occurs when the bus has been released in response to a bus re
a bus master other than the CPU. While the bus is released, the CPU halts operation:s
Program stop state

This is a power-down state in which the CPU stops operating. The program stop stat
when a SLEEP instruction is executed or the CPU enters hardware standby mode. F
refer to section 20, Power-Down Modes.
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Note: * A transition to the reset state occurs whenever the RES signal goes low.
A transition can also be made to the reset state when the watchdog timer
overflows.

Figure2.16 State Transitions
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Vperating vperalrng Address Lol imitation vn-enip

Mode MD2 MD1 MDO Mode Space Mode ROM Defa

1 0 0 1 Advanced 16 Mbytes User boot mode Enabled —

2 0 1 0 Boot mode Enabled —

3 0 1 1 Reserved (setting prohibited)

4 1 0 0 Advanced 16 Mbytes On-chip ROM Disabled 16 bi

5 1 R disabled extended “nycapied g bits
mode

6 1 1 0 On-chip ROM Enabled 8 bits
enabled extended
mode

7 1 1 1 Single-chip mode  Enabled —

In this LSI, an advanced mode as the CPU operating mode and a 16-Mbyte address spac
available. The initial bus widths are eight or 16 bits. As the LSI initiation mode, the exte
extended mode, on-chip ROM initiation mode single-chip initiation mode can be selecte

Modes 1 and 2 are the user boot mode and the boot mode in which the flash memory ca
programmed and erased. For details on the user boot mode and the boot mode, refer to s
Flash Memory (0.18-um F-ZTAT Version).

Mode 7 is a single-chip mode. All I/O ports can be used as general input/output ports. T
address space cannot be accessed in the initial state, but setting the EXPE bit in the syst
register (SYSCR) to 1 enables the external address space. After the external address spa
enabled, ports D, E, and F can be used as an address output bus and ports H and [ as a d
specifying the data direction register (DDR) for each port.
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e Moae control register (IMDCK)
e System control register (SYSCR)

321 Mode Control Register (MDCR)

MDCR indicates the current operating mode. When MDCR is read from, the states of sig
MD2 to MDO are latched. This latch is canceled by a reset.

Bit 15 14 13 12 11 10 9

Bit Name — — — — MDS3 MDS2 MDS1

Initial Value 0 1 0 1 Undefined* Undefined* Undefined* Ur
R/W R R R R R R R

Bit 7 6 5 4 3 2 1

Bit Name — — — — — — —

Initial Value 0 1 0 1 Undefined* Undefined* Undefined* Ur
R/W R R R R R R R

Note: * Determined by pins MD2 to MDO.
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latches are released by a reset.

7 — 0 R Reserved

6 — 1 R These are read-only bits and cannot be mo
5 — 0 R

4 — 1 R

3 — Undefined* R

2 — Undefined* R

1 — Undefined* R

— Undefined* R
Note: * Determined by pins MD2 to MDO.

Table3.2 Settingsof BitsMDS3to MDSO

MCU Operating Mode Pins MDCR
Mode MD2 MD1 MDO MDS3 MDS2 MDS1
1 0 0 1 1 1 0

2 0 1 0 1 1 0

4 1 0 0 0 0 1

5 1 0 1 0 0 0

6 1 1 0 0 1 0

7 1 1 1 0 1 0
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Bit Name — — — — — — DTCMD
Initial Value 0 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W R/W R/W

Note: * The initial value depends on the startup mode.

Bit Bit Name Initial Value R/W  Descriptions

15,14 — All1 R/W  Reserved
These bits are always read as 1. The write val
always be 1.

13 MACS 0 R/W  MAC Saturation Operation Control
Selects either saturation operation or non-satu
operation for the MAC instruction.
0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation

12 — 1 R/W  Reserved
This bit is always read as 1. The write value st
always be 1.

11 FETCHMD 0 R/W Instruction Fetch Mode Select
This LSI can prefetch an instruction in units of
32 bits. Select the bus width for instruction fetc
depending on the used memory for the storage
programs*'.
0: 32-bit mode
1: 16-bit mode
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The external bus cycle may be carried out in |
with the internal bus cycle depending on the ¢
the write data buffer function.

0: External bus disabled
1: External bus enabled

8 RAME 1 R/W  RAM Enable
Enables or disables the on-chip RAM. This bi
initialized when the reset state is released. D«
0 during access to the on-chip RAM.
0: On-chip RAM disabled
1: On-chip RAM enabled
7t02 — All O R/W  Reserved
These bits are always read as 0. The write ve
always be 0.
1 DTCMD 1 R/W  DTC Mode Select
Selects DTC operating mode.
0: DTC is in full-address mode
1: DTC is in short address mode
0 — 1 R/W  Reserved

This bit is always read as 1. The write value <
always be 1.

Notes: 1. For details on instruction fetch mode, see section 2.3, Instruction Fetch.

2. The initial value depends on the LSl initiation mode.
Since operating modes 4, 5 and 6 are external extended modes, EXPE is 1.
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This is the boot mode for the flash memory. The LSI operates in the same way as in mod
except for programming and erasing of the flash memory. For details, refer to section 18,
Memory (0.18-um F-ZTAT Version).

3.33 Mode 4

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, anc
chip ROM is disabled.

The initial bus width mode immediately after a reset is 16 bits, with 16-bit access to all as
Ports D, E, and F function as an address bus, ports H and I function as a data bus, and par
ports A and B function as bus control signals. However, if all areas are designated as an ¢
access space by the bus controller, the bus mode switches to eight bits, and only port H fi
as a data bus.

334 Mode5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, anc
chip ROM is disabled.

The initial bus width mode immediately after a reset is eight bits, with 8-bit access to all -
Ports D, E, and F function as an address bus, port H functions as a data bus, and parts of |
and B function as bus control signals. However, if any area is designated as a 16-bit acce
by the bus controller, the bus width mode switches to 16 bits, and ports H and I function :
bus.
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3.3.6 Mode 7

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, ar
chip ROM is enabled. All I/O ports can be used as general input/output ports. The exter:
space cannot be accessed in the initial state, but setting the EXPE bit in the system conti
(SYSCR) to 1 enables the external address space. After the external address space is en
D, E, and F can be used as an address output bus and ports H and I as a data bus by spec
data direction register (DDR) for each port. For details, refer to section 9, I/O Ports.
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4 pP/C* P/C* P*C P*C P/C* A A A P*/A D
5 pP/C+ P/C* P*C P*/C P/C* A A A P+/A D
6 p/C+ P/C* P*C P*C P*C P*A P*¥A P*A P*A D
7 P+C P*C P*C P*C P*C P*A P*¥A P*A P*A P*D
[Legend]

P: 1/0O port

A: Address bus output

D: Data bus input/output

C: Control signals, clock input/output

*; Immediately after a reset
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On-chip ROM

H'0C0000

External address
space/
reserved area*1. *3

H'FD9000

Reserved area*3

H'FDC000

External address
space/
reserved area*!. *3

H'FF6000

On-chip RAM*2

H'FFC000

External address
space/
reserved area*!. *3

H'FFEAO00

On-chip I/O registers

HFFFF00

External address
space
reserved area*1 *3

HFFFF20

H'FFFFFF

On-chip I/O registers

On-chip ROM

H'0C0000

External address
space/
reserved area*1: *3

H'FD9000

Reserved area*3

H'FDC000

External address
space/
reserved area*!: *3

H'FF6000

On-chip RAM*2

H'FFC000

External address
space/
reserved area*!: *3

H'FFEAO00

On-chip I/0O registers

H'FFFF00

External address

space,
reserved area*!: *3

H'FFFF20
H'FFFFFF

On-chip I/O registers

H'FD9000

H'FDC000

H'FF6000

H'FFC000

H'FFEAOQO

H'FFFFOO

HFFFF20

External address
space

Reserved area*3

External address
space

On-chip RAM/

external address
space*4

External address
space
On-chip I/O registe

External address

Space

HFFFFFF

On-chip 1/O registe

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when E
2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0.
3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit to 0.

Figure3.1 AddressMap in each Operating Mode of H8SX/1657C (1)

RENESAS

Rev. 2.00 Jun. 28, 2007 Pa

REJOS



H'FD9000

H'FDC000

H'FF6000

H'FFC000

H'FFEA0O

HFFFFO0

HFFFF20
HFFFFFF

Reserved area*2

External address
space

On-chip RAM/
external address
space*!

External address
space

On-chip I/O registers

External address
space

On-chip I/O registers

External address
space

H'FD9000
Reserved area*2
H'FDC000
External address
space
H'FF6000
On-chip RAM/
external address
space*!
H'FFC000
External address
space
H'FFEAQO
On-chip I/O registers
HFFFFO0 External address
space
H'FFFF20 . .
On-chip I/O registers
H'FFFFFF

H'FD9000

H'FDC000

H'FF6000

H'FFC000

H'FFEAO00

H'FFFFOO

HFFFF20
HFFFFFF

opalc/
reserved area*?2. *

Reserved area*2

External address
space/
reserved area*2. *

On-chip RAM/
external address
space*!

External address
space/
reserved area*2. *

On-chip /O register
External address

space ,
reserved area*?. *

On-chip /O registe!

Notes: 1. This area is specified as the external address space by clearing the RAME bit to 0.
2. Do not access the reserved areas.
3. This area is specified as the external address space when EXPE = 1 and the reserved area when E

Figure3.1 AddressMap in each Operating Mode of H8SX/1657C (2)
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space/
reserved area*1. *3

H'FD9000

Reserved area*3

H'FDC000

External address
space/
reserved area*!. *3

H'FF6000

On-chip RAM*2

H'FFC000

External address
space/
reserved area*!. *3

H'FFEAO00

On-chip I/O registers

HFFFF00

External address
space
reserved area*1 *3

HFFFF20

On-chip I/O registers

H'FFFFFF

space/
reserved area*! *3

H'FD9000

Reserved area*3

H'FDC000

External address
space/
reserved area*!: *3

H'FF6000

On-chip RAM*#2

H'FFC000

External address
space/
reserved area*!: *3

H'FFEAO00

On-chip I/0O registers

H'FFFF00

External address

space,
reserved area*!: *3

H'FFFF20
H'FFFFFF

On-chip I/O registers

H'FD9000

H'FDC000

H'FF6000

H'FFC000

H'FFEAOQO

H'FFFFOO

HFFFF20
HFFFFFF

Reserved area*3

External address
space

On-chip RAM/

external address
space*4

External address
space
On-chip I/O registe

External address

space
On-chip I/O registe

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when E
2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0.
3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit to 0.

Figure3.1 AddressMap in each Operating Mode of H8SX/1656C (3)

RENESAS

Rev. 2.00

Jun. 28, 2007 Pa
REJOS



H'FD9000

H'FDC000

H'FF6000

H'FFC000

H'FFEA0O

HFFFFO0

HFFFF20
HFFFFFF

Reserved area*2

External address
space

On-chip RAM/
external address
space*!

External address
space

On-chip I/O registers

External address
space

On-chip I/O registers

External address
space

H'FD9000
Reserved area*2
H'FDC000
External address
space
H'FF6000
On-chip RAM/
external address
space*!
H'FFC000
External address
space
H'FFEAQO
On-chip I/O registers
HFFFFO0 External address
space
H'FFFF20 . .
On-chip I/O registers
H'FFFFFF

H'FD9000

H'FDC000

H'FF6000

H'FFC000

H'FFEAO00

H'FFFFOO

HFFFF20
HFFFFFF

opalc/
reserved area*?2. *

Reserved area*2

External address
space/
reserved area*2. *

On-chip RAM/
external address
space*!

External address
space/
reserved area*2. *

On-chip /O register
External address

space ,
reserved area*?. *

On-chip /O registe!

Notes: 1. This area is specified as the external address space by clearing the RAME bit to 0.
2. Do not access the reserved areas.
3. This area is specified as the external address space when EXPE = 1 and the reserved area when E

Figure3.1 AddressMap in each Operating Mode of H8SX/1656C (4)
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Table4.1

Exception Typesand Priority

Priority Exception Type Exception Handling Start Timing
High Reset Exception handling starts at the timing of level ch:
A low to high on the RES pin, or when the watchdo
overflows. The CPU enters the reset state when t
pin is low.
lllegal instruction Exception handling starts when an undefined cod
executed.
Trace*' Exception handling starts after execution of the cL
instruction or exception handling, if the trace (T) b
is setto 1.
Address error After an address error has occurred, exception he
starts on completion of instruction execution.
Interrupt Exception handling starts after execution of the ct
instruction or exception handling, if an interrupt re
occurred.*’
Sleep instruction Exception handling starts by execution of a sleep
(SLEEP), if the SSBY bit in SBYCR is set to 0 anc
SLPIE bit in SBYCR is set to 1.
Trap instruction*° Exception handling starts by execution of a trap ir
Low (TRAPA).
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handlin
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests and sleep instruction exception

requests are accepted at all times in the program execution state.

Rev. 2.00 Jun. 28, 2007 Pa
RENESAS REJOS



Vector Table Address Offse

Advanced, |

Exception Source Vector Number Normal Mode*? Maximum*?
Reset 0 H'0000 to H'0001 H'0000 to H'
Reserved for system use 1 H'0002 to H'0003 H'0004 to H'
2 H'0004 to H'0005 H'0008 to H'l

3 H'0006 to H'0007 H'000C to H'

lllegal instruction 4 H'0008 to H'0009 H'0010 to H
Trace 5 H'000A to H'000B H'0014 to H'
Reserved for system use 6 H'000C to H'000D H'0018 to H'
Interrupt (NMI) 7 H'000E to H'000F H'001C to H'
Trap instruction  (#0) 8 H'0010 to H'0011 H'0020 to H'
(#1) 9 H'0012 to H'0013 H'0024 to H'

(#2) 10 H'0014 to H'0015 H'0028 to H

(#3) 11 H'0016 to H'0017 H'002C to H'

CPU address error 12 H'0018 to H'0019 H'0030 to H"
DMA address error*’ 13 H'001A to H'001B H'0034 to H'
Reserved for system use 1‘4 H'001C to H'001D H'0038 to‘ H'
27 H'0022 to H'0023 H'0044 to H'

Sleep instruction 18 H'0024 to H'0025 H'0048 to H'
Reserved for system use 1‘9 H'0026 to H'0027 H'004C to H'
23 H'002E to H'002F H'005C to H'
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IRQ5 69 H'008A to H'008B H'0114 to |-

IRQ6 70 H'008C to H'008D H'0118 to |-

IRQ7 71 H'008E to H'008F H011C to |

IRQ8 72 H'0090 to H'0091 H'0120 to

IRQ9 73 H'0092 to H'0093 H'0124 to |-

IRQ10 74 H'0094 to H'0095 H'0128 to I-

IRQ11 75 H'0096 to H'0097 H012C to |

Reserved for system use 7‘6 H'0098 to| H'0099 H'0130 to‘ n
79 H'009E to H'009F H'013C to |

Internal interrupt** ?0 H'00A0 t(|) H'00A1 H'0140 tc|> H
255 H'01FE to H'O1FF H'O3FC to t

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.
3. A DMA address error is generated by the DTC and DMAC.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception H
Vector Table.

Table4.3 Calculation Method of Exception Handling Vector Table Address

Exception Source Calculation Method of Vector Table Address

Reset, CPU address error Vector table address = (vector table address offset)

Other than above Vector table address = VBR + (vector table address offset)

[Legend]
VBR: Vector base register
Vector table address offset: See table 4.2.
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The interrupt control mode is 0 immediately after a reset.

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LSI starts r
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBR is cleared to H'00000000, the T bit is cleared to 0 in EXR, and the I |
set to 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and pro
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.

432 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the ]
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt
including NMI, are disabled immediately after a reset. Since the first instruction of a prog
always executed immediately after the reset state ends, make sure that this instruction ini
the stack pointer (example: MOV.L #xx: 32, SP).
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Internal
address bus

M

|

o
Internal read E
signal !

Internal write

signal E High E ;
Internal data ; : !

2) 4)
bus —@7 —(@)—

(1): Reset exception handling vector address (when reset, (1) = H'000000)
(2): Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First instruction in the exception handling routine

Figure4.1 Reset Sequence (On-chip ROM Enabled Advanced M ode)
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S I b N B C

E High

HWR, LWR : . . .
E [\ e U \
D15 to DO T 2) ! 4) T 6) .
: { @ I, {4 : 6)
(1)(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)

@
(5
6

(4) Start address (contents of reset exception handling vector address)
Start address ((5) = (2)(4))
First instruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure4.2 Reset Sequence
(16-Bit External Accessin On-chip ROM Disabled Advanced M ode)
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handling routine by the RTE instruction, trace mode resumes. Trace exception handling

carried out after execution of the RTE instruction.
Interrupts are accepted even within the trace exception handling routine.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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Instruction  CPU Fetches instructions from even addresses No (nc
fetch Fetches instructions from odd addresses Occur

Fetches instructions from areas other than on-chip No (nc
peripheral module space*'

Fetches instructions from on-chip peripheral module  Occur
space*’

Fetches instructions from external memory space in  Occur
single-chip mode

Fetches instructions from access prohibited area.*” Occur

Stack CPU Accesses stack when the stack pointer value is even  No (nc
operation address
Accesses stack when the stack pointer value is odd  Occur
Data CPU Accesses word data from even addresses No (nc
read/write Accesses word data from odd addresses No (nc
Accesses external memory space in single-chip mode Occur
Accesses to access prohibited area*” Occur
Data DTC or Accesses word data from even addresses No (nc
read/write  DMAC Accesses word data from odd addresses No (nc
Accesses external memory space in single-chip mode Occur
Accesses to access prohibited area*” Occur
Single DMAC Address access space is the external memory space No (nc
address for single address transfer
transfer Address access space is not the external memory Occur

space for single address transfer
Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC).
2. For the access prohibited area, refer to figure 3.1 in section 3.4, Address Map.
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Even though an address error occurs during a transition to an address error exception ha
address error is not accepted. This prevents an address error from occurring due to stack
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occu
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC and DMAC.

e The ERR bit of DTCCR in the DTC is set to 1.
e The ERREF bit of DMDR_0 in the DMAC is set to 1.

e The DTE bits of DMDRs for all channels in the DMAC are cleared to 0 to forcibly t
transfer.

Table 4.6 shows the state of CCR and EXR after execution of the address error exceptio
handling.

Table4.6 Statusof CCR and EXR after Address Error Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12 to
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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On-chip DMA controller (DMAC) 8

peripheral Watchdog timer (WDT)

module
A/D converter 1
16-bit timer pulse unit (TPU) 26
8-bit timer (TMR) 12
Serial communications interface (SCI) 16

Different vector numbers and vector table offsets are assigned to different interrupt sourc
vector number and vector table offset, refer to table 5.2, Interrupt Sources, Vector Addre:
Offsets, and Interrupt Priority in section 5, Interrupt Controller.

46.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two inter
control modes and can assign interrupts other than NMI to eight priority/mask levels to e
multiple-interrupt control. The source to start interrupt exception handling and the vector
differ depending on the product. For details, refer to section 5, Interrupt Controller.

The interrupt exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the interrupt source is g
the start address of the exception service routine is loaded from the vector table to PC
program execution starts from that address.
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1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the vector number spec
the TRAPA instruction is generated, the start address of the exception service routin
from the vector table to PC, and program execution starts from that address.

A start address is read from the vector table corresponding to a vector number from 0 to
specified in the instruction code.

Table 4.8 shows the state of CCR and EXR after execution of trap instruction exception

Table4.8 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12 to
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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from the vector table to PC, and program execution starts from that address.

Bus masters other than the CPU may gain the bus mastership after a sleep instruction has
executed. In such cases, the sleep instruction will be started when the transactions of a bu
other than the CPU has been completed and the CPU has gained the bus mastership.

Table 4.9 shows the state of CCR and EXR after execution of sleep instruction exception
handling. For details, see section 20.9, Sleep Instruction Exception Handling.

Table4.9 Statusof CCR and EXR after Sleep Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12 to |
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1
0: Clearedto 0
— Retains the previous value.
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1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the occurred exception
generated, the start address of the exception service routine is loaded from the vecto:
PC, and program execution starts from that address.

Table 4.10 shows the state of CCR and EXR after execution of illegal instruction except
handling.

Table4.10 Statusof CCR and EXR after Illegal I nstruction Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12 to
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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Interrupt control mode 0 Interrupt control mode 2

Note: * Ignored on return.

Figure4.3 Stack Statusafter Exception Handling
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e POPW Rn (or MOV.W @SP+, Rn)
e POPL ERn (or MOV.L @SP+, ERn)

Performing stack manipulation while SP is set to an odd value leads to an address error.

shows an example of operation when the SP value is odd.

SP >

TRAPA instruction executed
—_—

SP set to H'FFFEFF

SP-»

T

Data saved above SP

(Address error occurred)

[Legend]

cC

PC:
RiL:
SP:

Note:

R : Condition code register

Program counter

Stack pointer

General register R1L

MOV.B R1L, @-ER7 executed
—_—

Contents of CCR lost

Addr

H'FFF
H'FFF
H'FFF
H'FFF
H'FFF
H'FFF

This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode

Figure4.4 Operation when SP Value s Odd

RENESAS
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are given priority of 8, therefore they are accepted at all times.
— NMI

— Illegal instructions

— Trace

— Trap instructions

— CPU address error

— DMA address error (occurred in the DTC and DMAC)

— Sleep instruction

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecess:
source to be identified in the interrupt handling routine.

Thirteen external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or fall
detection can be selected for NMI. Falling edge, rising edge, or both edge detection,
sensing, can be selected for IRQ11 to IRQO.

DTC and DMAC control

DTC and DMAC can be activated by means of interrupts.

CPU priority control function

The priority levels can be assigned to the CPU, DTC, and DMAC. The priority level
CPU can be automatically assigned on an exception generation. Priority can be give:
CPU interrupt exception handling over that of the DTC and DMAC transfer.
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Priority DMAC
I ISCR ” IER ” SSIERl determination
DMAC DMAC prior
activation control
~ permission DN
Internal interrupt
sources Sour lector
WOVI to TEI4 ource selecto
CPU priority
A A DTC activation
request DTC
DTC priority
|[pTCER|[DTCCR|  [CPUPCR] it DTG vector
iori Activation
DTC priority request
__ clear signal
Interrupt controller -
[Legend]
INTCR: Interrupt control register SSIER:  Software standby release IRQ enable
CPUPCR: CPU priority control register IPR: Interrupt priority register
ISCR: IRQ sense control register DTCER: DTC enable register
IER: IRQ enable register DTCCR: DTC control register
ISR: IRQ status register

Figure5.1 Block Diagram of Interrupt Controller
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5.3 Register Descriptions

The interrupt controller has the following registers.

Interrupt control register (INTCR)
CPU priority control register (CPUPCR)

Interrupt priority registers A to C, E to I, K, and L (IPRA to IPRC, IPRE to IPRI, IP
IPRL)

IRQ enable register (IER)

IRQ sense control registers H and L (ISCRH, ISCRL)
IRQ status register (ISR)

Software standby release IRQ enable register (SSIER)
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DIt BiIt Nalmne  value ~R/VV

pesceripuon

7,6 — AllO R

Reserved
These are read-only bits and cannot be modifiec

5 INTMA1 0 R/W
INTMO 0 R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control n
the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by | bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EX
IPR.

11: Setting prohibited.

3 NMIEG 0 R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of |
1: Interrupt request generated at rising edge of I

2to0 — AllO R

Reserved
These are read-only bits and cannot be modifiec
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Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modif

Initial
Bit Bit Name Value R/W Description
7 CPUPCE 0 R/W CPU Priority Control Enable
Controls the CPU priority control function. Setti
to 1 enables the CPU priority control over the C
DMAC.
0: CPU always has the lowest priority
1: CPU priority control enabled
6 DTCP2 0 R/W DTC Priority Level 2 to 0
5 DTCP1 0 R/W These bits set the DTC priority level.
4 DTCPO 0 R/W 000: Priority level O (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Rev. 2.00 Jun. 28, 2007 Pa
RENESAS REJOS



1 CPUPH1 0 R/(W)*  These bits set the CPU priority level. When the

0 CPUPO 0 R/(W)* CPUPCE is set to 1, the CPU priority control f
becomes valid and the priority of CPU process
assigned in accordance with the settings of bit
to CPUPO.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so
cannot be modified.
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Initial Value 0 1 1 1 0 1 1

R/W R R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name — IPR6 IPR5 IPR4 — IPR2 IPR1 |
Initial Value 0 1 1 1 0 1 1
R/W R R/W R/W R/W R R/W R/W

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved

This is a read-only bit and cannot be modified.

14 IPR14 1 R/W Sets the priority level of the corresponding inter
13 IPR13 1 Rw  Source.
12 IPR12 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1

010: Priority level 2

011: Priority level 3

100: Priority level 4

101: Priority level 5

110: Priority level 6

111: Priority level 7 (highest)

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
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110:
111:

Priority level 6
Priority level 7 (highest)

Reserved

This is a read-only bit and cannot be modified.

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority level of the corresponding interr
source.

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (lowest)
Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7 (highest)

Reserved

This is a read-only bit and cannot be modified.
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110: Priority level 6
111: Priority level 7 (highest)

534 IRQ Enable Register (IER)

IER enables or disables interrupt requests IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9
Bit Name — — — | — | watie | matoe | iraoe I
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IF
Initial Value 0 0 0 0 0 0 0
RW RW RW RW RW RW RW R/W
Initial
Bit Bit Name Value R/W Description
15t012 — AllO R/W Reserved
These bits are always read as 0. The write va
always be 0.
11 IRQ11E 0 R/W IRQ11 Enable

The IRQ11 interrupt request is enabled when
1.
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The IRQY7 interrupt request is enabled when th

6 IRQ6E R/W IRQ6 Enable

The IRQS6 interrupt request is enabled when th
5 IRQ5E R/W IRQ5 Enable

The IRQ5 interrupt request is enabled when th
4 IRQ4E R/W IRQ4 Enable

The IRQ4 interrupt request is enabled when th
3 IRQ3E R/W IRQ3 Enable

The IRQ3 interrupt request is enabled when th
2 IRQ2E R/W IRQ2 Enable

The IRQ2 interrupt request is enabled when th
1 IRQ1E R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when th
0 IRQOE R/W IRQO Enable

The IRQO interrupt request is enabled when th
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Bit 15 14 13 12 11 10 9

Bit Name — — — — — — —
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
ISCRL

Bit 15 14 13 12 11 10 9

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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10: Interrupt request generated at rising edge

11: Interrupt request generated at both falling :
edges of IRQ11

5 IRQ10SR R/W IRQ10 Sense Control Rise
4 IRQ10SF R/W IRQ10 Sense Control Fall
00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge
11: Interrupt request generated at both falling :
edges of IRQ10
3 IRQ9SR R/W IRQ9 Sense Control Rise
2 IRQOSF RIW IRQ9 Sense Control Fall
00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge «
11: Interrupt request generated at both falling «
edges of IRQ9
IRQ8SR R/W IRQ8 Sense Control Rise
0 IRQ8SF R/W IRQ8 Sense Control Fall

00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge «

11: Interrupt request generated at both falling ¢
edges of IRQ8
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IRQ6 Sense Control Rise

13 IRQ6SR R/W
12 IRQBSF R/W IRQ6 Sense Control Fall
00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge «
10: Interrupt request generated at rising edge ¢
11: Interrupt request generated at both falling a
edges of IRQ6
11 IRQ5SR R/W IRQ5 Sense Control Rise
10 IRQ5SF R/W IRQ5 Sense Control Fall
00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge ¢
10: Interrupt request generated at rising edge ¢
11: Interrupt request generated at both falling a
edges of IRQ5
IRQ4SR R/W IRQ4 Sense Control Rise
IRQ4SF R/W IRQ4 Sense Control Fall

00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge «
10: Interrupt request generated at rising edge ¢

11: Interrupt request generated at both falling a
edges of IRQ4
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00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQ2
IRQ1SR R/W IRQ1 Sense Control Rise
5 IRQ1SF R/W IRQ1 Sense Control Fall
00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQT
IRQOSR R/W IRQO Sense Control Rise
0 IRQOSF R/W IRQO Sense Control Fall

00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of

11: Interrupt request generated at both falling an
edges of IRQO
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Initial Value 0 0 0 0 0 0 0

RW R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R

Note: * Only 0 can be written, to clear the flag. The bit manipulation instructions or memory operation instructic
be used to clear the flag.

Initial

Bit Bit Name Value R/W Description
15012 — All O R/W Reserved

These bits are always read as 0. The write ve

always be 0.
11 IRQ11F 0 R/(W)*  [Setting condition]
10 IRQ10F 0 R/(W)* e When the interrupt selected by ISCR occt
9 IRQ9F 0 R/(W)*  [Clearing conditions]
8 IRQ8F 0 R/(W)* e Writing O after reading IRQNnF = 1
7 IRQ7F 0 R/(W)* e When interrupt exception handling is exec
6 IRQ6F 0 R/(W)* low-level sensing is selected and IRQn in
5 IRQ5F 0 R/(W)* o When IRQnN interrupt exception handling i
4 IRQ4F 0 R/(W)* when falling-, rising-, or both-edge sensin
3 IRQ3F 0 Riw)=  Selected
> IRQ2F 0 R/(W)* e When the DTC i§ allctivated by an |RQI.’I in

and the DISEL bit in MRB of the DTC is ¢l

1 IRQ1F 0 R/(W)*
0 IRQOF 0 R/(W)*

Note: * Only 0 can be written, to clear the flag.
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Bit 7 6 5 4 3 2 1 (
Bit Name SslI7 SSl6 Ssi5 SSl4 Ssi3 SSi2 Ssi S
Initial Value 0 0 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W R/W R/W R
Initial

Bit Bit Name Value R/W Description
15to 12 — AllO R/W  Reserved

These bits are always read as 0. The write val

always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSIH0 0 R/W These bits select the IRQnN pins used to leave
9 ssl9 0 R/W standby mode (n =11 to 0).
8 ssis 0 R/W 0: IRQn requests are not sampled in software -
7 ssli7 0 RW mode |
6 ssi6 0 RW 1: When an. IRQnN request occurs in software s

mode, this LSI leaves software standby moc
5 SSI5 0 R/W - L
the oscillation settling time has elapsed

4 SSl4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSIH 0 R/W
0 SSio 0 R/W
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The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or fallir
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error ha:
and performs the following procedure.

e Sets the ERR bit of DTCCR in the DTC to 1.
e Sets the ERRF bit of DMDR_O0 in the DMAC to 1

e C(Clears the DTE bits of DMDRs for all channels in the DMAC to 0 to forcibly termir
transfer

(2) IRQnN Interrupts

An IRQn interrupt is requested by a signal input on pins IRQ11 to IRQO. IRQn (n =11 1
the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level,
edge, rising edge, or both edges, on pins IRQn.

e Enabling or disabling of interrupt requests IRQn can be selected by IER.
e The interrupt priority can be set by IPR.
e The status of interrupt requests IRQn is indicated in ISR. ISR flags can be cleared to

software. The bit manipulation instructions and memory operation instructions shoul
to clear the flag.

Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, and P5ICR register
and does not change regardless of the output setting. However, when a pin is used as an
interrupt input pin, the pin must not be used as an I/O pin for another function by clearir
corresponding DDR bit to 0.
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Figure5.2 Block Diagram of InterruptsIRQn

When the IRQ sensing control in ISCR is set to a low level of signal IRQn, the level of II
should be held low until an interrupt handling starts. Then set the corresponding input sig
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be e
when the corresponding input signal IRQn is set to high before the interrupt handling beg

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following fe

e For each on-chip peripheral module there are flags that indicate the interrupt request s
and enable bits that enable or disable these interrupts. They can be controlled indepen
When the enable bit is set to 1, an interrupt request is issued to the interrupt controlle:

e The interrupt priority can be set by means of IPR.
e The DTC and DMAC can be activated by a TPU, SCI, or other interrupt request.

e The priority levels of DTC and DMAC activation can be controlled by the DTC and I
priority control functions.
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Classifi- Vector Address Actiy
cation Interrupt Source Number  Offset* IPR Priority tion
External  NMI 7 H'001C — High —
pin IRQO 64 HO0100 IPRA14toIPRA12 A O
IRQ1 65 HO0104  IPRA10 to IPRA8 o
IRQ2 66 HO0108  IPRA6 o IPRA4 o
IRQ3 67 HO010C  IPRA2 to IPRAO o
IRQ4 68 H0110  IPRB14to IPRB12 o
IRQS5 69 HO114  IPRB10to IPRBS o
IRQ6 70 HO0118  IPRB6 to IPRB4 o
IRQ7 71 HO11C  IPRB2 to IPRBO o
IRQS8 72 HO0120  IPRC14 to IPRC12 o
IRQ9 73 HO0124  IPRC10to IPRCS o
IRQ10 74 HO0128  IPRC6 to IPRC4 o
IRQ11 75 HO012C  IPRC2 to IPRCO o
— Reserved for system use 76 H'0130 — —
77 H'0134 —
78 H'0138 —
79 H'013C —
80 H'0140 —
WDT wovi 81 HO0144  IPRE10to IPRES Low  —
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TGIOB 89 HO0164 o
TGIOC 90 HO0168 o
TGIOD 91 H'016C o
TClov 92 H'0170 —
TPU_1  TGHA 93 HO0174  IPRF2 to IPRFO o
TGHB 94 HO0178 o
TCHV 95 H'017C —
TCHU 96 H'0180 —
TPU2  TGI2A 97 HO0184  IPRG14to o
IPRG12
TGI2B 98 Ho188 o
TCl2V 99 H018C —
TCl2U 100 H'0190 —
TPU.3  TGI3A 101 HO0194  IPRG10 to IPRGS o
TGI3B 102 H0198 o
TGI3C 103 HO019C o
TGI3D 104 H'O1A0 o
TCI3V 105 HO1A4 —
TPU 4  TGI4A 106 HO1A8  IPRG6 to IPRG4 o
TGI4B 107 H'O1AC o
TCl4V 108 H'01B0 —
TCI4U 109 H01B4 Low  —
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CMIBO 117 H'01D4 o

ovIo 118 H'01D8 —

TMR_1  CMIA1 119 HO1DC  IPRH10 to IPRH8 o
CMIBH 120 HO1EO o

ovi 121 H'O1E4 —

TMR.2  CMIA2 122 HO1E8  IPRH6 to IPRH4 o
CMIB2 123 H'O1EC o

ovi2 124 H'O1FO —
TMR.3  CMIA3 125 HO1F4  IPRH2 to IPRHO o
CMIB3 126 HO1F8 o

ovi3 127 HO1FC —

DMAC  DMTENDO 128 H0200  IPRI14 to IPRI12 o
DMTEND1 129 H0204  IPRI0to IPRIS o

DMTEND2 130 H0208  IPRI6 to IPRI4 o

DMTEND3 131 H020C  IPRI2 to IPRIO o

— Reserved for system use 132 H'0210 — —
133 H'0214 —

134 Ho218 —

135 H021C —

DMAC  DMEENDO 136 H0220  IPRK14 to IPRK12 o
DMEEND1 137 H'0224 o
DMEEND2 138 H'0228 o
DMEEND3 139 H'022C Llow O
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TEIO 147 H'024C
SCI_1 ERI 148 H'0250 IPRK2 to IPRKO
RXI 149 H'0254
TXN 150 H'0258
TEN 151 H'025C
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12
RXI12 153 H'0264
TXI2 154 H'0268
TEI2 155 H'026C
— Reserved for system use 156 H'0270 —
157 H'0274
158 H'0278
159 H'027C
SCl_4 ERI4 160 H'0280 IPRLS6 to IPRL4
RX14 161 H'0284
TXI4 162 H'0288
TEI4 163 H'028C
— Reserved for system use 164 H'0290 —
I I
255 H'03FC

S e e e

Note: * Lower 16 bits of the start address in advanced, middle, and maximum modes.
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0 Default | The priority levels of the interrupt soL
fixed default settings.
The interrupts except for NMI is masl|
| bit.

2 IPR 12to 10 Eight priority levels can be set for inte

sources except for NMI with IPR.
8-level interrupt mask control is perfc
bits 12 to 10.

56.1 Interrupt Control Mode O

In interrupt control mode 0, interrupt requests except for NMI are masked by the I bit in
the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance operation in this case

1.

If an interrupt request occurs when the corresponding interrupt enable bit is set to 1,
interrupt request is sent to the interrupt controller.

If the I bit in CCR s set to 1, only an NMI interrupt is accepted, and other interrupt :
are held pending. If the I bit is cleared to 0, an interrupt request is accepted.

For multiple interrupt requests, the interrupt controller selects the interrupt request w
highest priority, sends the request to the CPU, and holds other interrupt requests pen

. When the CPU accepts the interrupt request, it starts interrupt exception handling afi

execution of the current instruction has been completed.

The PC and CCR contents are saved to the stack area during the interrupt exception
The PC contents saved on the stack is the address of the first instruction to be execut
returning from the interrupt handling routine.

Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.
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Yes
NMI

No

]
o
A

> Pending

\

| Save PC and CCR |

1

| [P |

Y

| Read vector address |

1

| Branch to interrupt handling routine |

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode O
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e U S S S AR Y
the default setting shown in table 5.2.

Next, the priority of the selected interrupt request is compared with the interrupt ma:
in EXR. When the interrupt request does not have priority over the mask level set, it
pending, and only an interrupt request with a priority over the interrupt mask level is
When the CPU accepts an interrupt request, it starts interrupt exception handling aft
execution of the current instruction has been completed.

The PC, CCR, and EXR contents are saved to the stack area during interrupt excepti
handling. The PC saved on the stack is the address of the first instruction to be exect
returning from the interrupt handling routine.

The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the prior
accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to
The CPU generates a vector address for the accepted interrupt and starts execution o
interrupt handling routine at the address indicated by the contents of the vector addr
vector table.
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Mask level 07 No

Yes

Y Y
[ save PC, CCR, and EXR | Pending

| +—

Clear T bitto 0

!

| Update mask level |

!

| Read vector address |

{

|Branch to interrupt handling routinel

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Figure5.5 Interrupt Exception Handling
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INUlTHal Ivibuc AUvalivcu wvivuc wiaalinuin
Interrupt Interrupt Interrupt Interrupt Interrupt Ir
Control Control Control Control Control C
Execution State Mode 0 Mode 2 Mode O Mode 2 Mode O M
Interrupt priority determination*' 3
Number of states until executing 1t019+2.§,
instruction ends**
PC, CCR, EXR stacking S t0 2.8 2.5, S, t02.8%° 2.8, 2.8, 2
Vector fetch S,
Instruction fetch** 2.5,
Internal processing** 2
Total (using on-chip memory) 10 to 31 11 to 31 10 to 31 11 to 31 11t031 1

Notes: 1. Two states for an internal interrupt.
2. Inthe case of the MULXS or DIVXS instruction

Internal operation after interrupt acceptance or after vector fetch
Not available in this LSI.

o0 s

2, the interrupt response time is 2-S,.

Prefetch after interrupt acceptance or for an instruction in the interrupt handling

When setting the SP value to 4n, the interrupt response time is S,; when settin
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[Legend]
m: Number of wait cycles in an external device access.

5.6.5 DTC and DMAC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following option
available:

e Interrupt request to the CPU
e Activation request to the DTC
e Activation request to the DMAC

e Combination of the above

For details on interrupt requests that can be used to activate the DTC and DMAC, see ta
section 7, DMA Controller (DMAC), and section 8, Data Transfer Controller (DTC).
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VECIOr nuUmboer

Clear signal DTC control
circuit Clear signal

DTC/CPU

Interrupt request
select

o CPU interrupt reques
Ra [ circuit vector number —

interrupt Interrupt request clear signal Priority

determination 1, 12 to 10

Interrupt controller

Figure5.6 Block Diagram of DTC, DMAC, and Interrupt Controller
(1) Selection of Interrupt Sources

The activation source for each DMAC channel is selected by DMRSR. The selected actiy
source is input to the DMAC through the select circuit. When transfer by an on-chip mod
interrupt is enabled (DTF1 = 1, DTFO = 0, and DTE = 1 in DMDR) and the DTA bit in D
set to 1, the interrupt source selected for the DMAC activation source is controlled by the
and cannot be used as a DTC activation source or CPU interrupt source.

Interrupt sources that are not controlled by the DMAC are set for DTC activation sources
interrupt sources by the DTCE bit in DTCERA to DTCERH of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU |
clearing the DTCE bit to O after the individual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the trans
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to (
DTC data transfer.
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ariceicu U_y 1L 1H1adK 10V UL pl'lUIll._y 1CVUCIL., 1'UL I'CSPCCUVC pl'lUIlLy 1CVL1S, SCC Llavlc O.1, 11
8.4, Location of Transfer Information and DTC Vector Table.

(3) Operation Order

If the same interrupt is selected as both the DTC activation source and CPU interrupt so
CPU interrupt exception handling is performed after the DTC data transfer. If the same
selected as the DTC or DMAC activation source or CPU interrupt source, respective opt
are performed independently.

Table 5.6 lists the selection of interrupt sources and interrupt source clear control by set
DTA bit in DMDR of the DMAC, the DTCE bit in DTCERA to DTCERH of the DTC,
DISEL bit in MRB of the DTC.

Table5.6 Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear
DTA DTCE CISEL DMAC DTC CPU
0 0 * ¢ X V
1 0 o) v X
1 o) 0 V
1 * * ol X X
[Legend]

\:  The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X:  The corresponding interrupt is not available.
*: Don't care.
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CFU by assigning different priority levels to the D1C, DMAC, and CEFU. Since the prior
can automatically be assigned to the CPU on an interrupt occurrence, it is possible to exe
CPU interrupt exception handling prior to the DTC or DMAC transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The pric
of the DTC is assigned by bits DTCP2 to DTCPO in CPUPCR. The priority level of the L
assigned by bits DMAP2 to DMAPO in DMDR for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUPCI
CPUPCR to 1. When the CPUPCE bit is 1, the DTC and DMAC activation sources are c
according to the respective priority levels.

The DTC activation source is controlled according to the priority level of the CPU indica
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTC
CPU has priority, the DTC activation source is held. The DTC is activated when the conc
which the activation source is held is cancelled (CPUCPCE = 1 and value of bits CPUP2
CPUPO is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is as
the DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activatic
is controlled according to the priority level of each DMAC channel indicated by bits DM
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activation
held. The DMAC is activated when the condition by which the activation source is held i
cancelled (CPUCPCE = 1 and value of bits CPUP2 to CPUPO is greater than that of bits ]
to DMAPO). If different priority levels are specified for channels, the channels of the hig]
priority levels continue transfer and the activation sources for the channels of lower prior
than that of the CPU are held.
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and CPUPO are fixed 0. In interrupt control mode 2, the values of bits 12 to I0 in EXR o
are reflected in bits CPUP2 to CPUPO.

Table 5.7 shows the CPU priority control.

Table5.7 CPU Priority Control

Control Status

Interrupt
Control Interrupt Interrupt IPSETE in Updating of
Mode Priority Mask Bit CPUPCR CPUP2to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled
I=0 1 B'000 Disabled
=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled
12 to 10 Disabled

Table 5.8 shows an setting example of the priority control function over the DTC and D
the transfer request control state. A priority level can be independently set to each DMA
but the table only shows one channel for example. Transfers through the DMAC channe
separately controlled by assigning different priority levels for channels.
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2 Any Any Any Enabled Enab
B'000 B'000 B'000 Enabled Enab
B'000 B'011 B'101 Enabled Enab
B'011 B'011 B'101 Enabled Enab
B'100 B'011 B'101 Masked Enab
B'101 B'011 B'101 Masked Enab
B'110 B'011 B'101 Masked Mask
B'111 B'011 B'101 Masked Mask
B'101 B'011 B'101 Masked Enab
B'101 B'110 B'101 Enabled Enab
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over that interrupt, interrupt exception handling will be executed for the interrupt with p
and another interrupt will be ignored. The same also applies when an interrupt source fl:
cleared to 0. Figure 5.7 shows an example in which the TCIEV bit in TIER of the TPU ;
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared
the interrupt is masked.

) TIER_O write cycle by CPU ) TCIV exception handling
¢ S [
Internal | |
address bus X TIER_O address X

Internal
write signal

TCIEV
TCFV J

TCIV
interrupt signal

Figure5.7 Conflict between Interrupt Generation and Disabling
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5.8.3 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU h:
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a peric
writing to the registers of the interrupt controller.

584 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPMOV.B and the EEPMOV.W instructions.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during the
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, int
exception handling starts at the end of the individual transfer cycle. The PC value saved «
stack in this case is the address of the next instruction. Therefore, if an interrupt is genera
during execution of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4,R4
BNE Ll
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synchronized with the peripheral module clock.
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Manages the external address space divided into eight areas

Chip select signals (CSO to CS7) can be output for each area

Bus specifications can be set independently for each area

8-bit access or 16-bit access can be selected for each area

Burst ROM, byte control SRAM, or address/data multiplexed I/O interface can be sc
An endian conversion function is provided to connect a device of little endian
Basic bus interface

This interface can be connected to the SRAM and ROM

2-state access or 3-state access can be selected for each area

Program wait cycles can be inserted for each area

Wait cycles can be inserted by the WAIT pin.

Extension cycles can be inserted while CSn is asserted for each area n=0to7)
The negation timing of the read strobe signal (RD) can be modified

Byte control SRAM interface

Byte control SRAM interface can be set for areas 0 to 7

The SRAM that has a byte control pin can be directly connected

Burst ROM interface

Burst ROM interface can be set for areas 0 and 1

Burst ROM interface parameters can be set independently for areas 0 and 1
Address/data multiplexed I/O interface

Address/data multiplexed I/O interface can be set for areas 3 to 7
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DMALC single address transfers and internal accesses can be executed in parallel
e External bus release function
e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, and DT
e Multi-clock function

The internal peripheral functions can be operated in synchronization with the periphe:
module clock (Pd). Accesses to the external address space can be operated in synchro
with the external bus clock (B¢).

e The bus start (BS) and read/write (RD/WR) signals can be output.
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CPU bus mastership acknowledge signal <— control unit <«
DTC bus mastership acknowledge signal<——{ | :ornal
DMAC bus mastership acknowledge signal+— g
CPU bus mastership request signal—> arbiter _
DTC bus mastership request signal—>- < — <«
DMAC bus mastership request signal—> Extergill bus > B
arbiter B
Control register
Internal data bus { [ ABWCR | ] IDLCR [
[ ASTCR | [ BCR1 |
[ WTCRA | | BCcR2 |ENDIANCR
[ WTCRB | SRAMCR |
[ RDNCR | BROMCR |
[ CSACR | MPXCR |
[Legend]
ABWCR: Bus width control register IDLCR: Idle control register
ASTCR: Access state control register BCR1: Bus control register 1
WTCRA: Wait control register A BCR2: Bus control register 2
WTCRB: Wait control register B ENDIANCR: Endian control register
RDNCR: Read strobe timing control register SRAMCR: SRAM mode control register
CSACR: CS assertion period control register BROMCR: Burst ROM interface control register
MPXCR: Address/data multiplexed 1/O control

Figure6.1 Block Diagram of Bus Controller

RENESAS
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e Idle control register IDLCR)

e Bus control register 1 (BCR1)

e Bus control register 2 (BCR2)

e Endian control register (ENDIANCR)

e SRAM mode control register (SRAMCR)

e Burst ROM interface control register (BROMCR)

e Address/data multiplexed I/O control register (MPXCR)
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DILINdITc I ADVVL/ I ADVVLO I ADVVLO I ADVVLS I ADVVLO I ADVVLZ I ADVVL | I

Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

Initial
Bit Bit Name Value*' R/W Description
15 ABWH7 1 R/W Area 7 to 0 Bus Width Control
14 ABWH6 1 R/W These bits select whether the corresponding ar
13 ABWH5 1 R/W  designated as 8-bit access space or 16-bit acc
12 ABWH4 1 R/W ABWHn ABWLn (n=7100)
10 ABWH2 1 R/W 0 1: Area n is designated as 16
9 ABWH1 1 R/W access space
8 ABWLO 10 R/W 1 1: ér;zien*zls designated as 8-t
7 ABWL7 1 R/W
6 ABWL6 1 R/W
5 ABWL5 1 R/W
4 ABWL4 1 R/W
3 ABWL3 1 R/W
2 ABWL2 1 R/W
1 ABWL1 1 R/W
0 ABWLO 1 R/W
[Legend]
x: Don't care

Notes: 1. Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is

2. An address space specified as byte control SRAM interface must not be spec
bit access space.
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Bit Name — — — — — — —

Initial Value 0 0 0 0 0 0 0
R/W R R R R R R R
Initial

Bit Bit Name Value R/W Description

15 AST7 1 R/W Area 7 to 0 Access State Control

14 AST6 1 R/W These bits select whether the corresponding are

13 AST5 1 R/W designateq as 2-st.ate access space or 3-s.tate a
space. Wait cycle insertion is enabled or disable

12 AST4 1 R/W same time.

1 AST3 1 R/W 0: Area n is designated as 2-state access space

10 AST2 1 R/W Wait cycle insertion in area n access is disabl

9 AST1 1 R/W 1: Area n is designated as 3-state access space

8 ASTO 1 R/W Wait cycle insertion in area n access is enable
(n=7100)

7t0o0 — AllO R Reserved

These are read-only bits and cannot be modifiec
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Bit 7 6 5 4 3 2 1
Bit Name — W52 W51 W50 — W42 W41
Initial Value 0 1 1 1 1 1
R/W R R/W R/W R/W R R/W R/W
*WTCRB
Bit 15 14 13 12 11 10 9
Bit Name — W32 W31 W30 — W22 wa1
Initial Value 0 1 1 1 0 1 1
R/W R R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name — w12 W11 W10 — Wo2 WO1
Initial Value 0 1 1 1 0 1 1
RW R RW R/W RW R RW RW
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vy i b pivyiallb wdit Ly it iTioltibd
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 W62 1 R/W Area 6 Wait Control 210 0
9 we61 1 R/W These bits select the number of program wait cy
W60 1 R/W when accessing area 6 while bit AST6 in ASTCF

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

— 0 R Reserved

This is a read-only bit and cannot be modified.
W42 1 R/W Area 4 Wait Control 2 to 0
W41 1 R/W These bits select the number of program wait c
W40 1 R/W when accessing area 4 while bit AST4 in ASTC

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted

111: 7 program wait cycles inserted
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vy i b pivyiallb wdit Ly it iTioltibd
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 W22 1 R/W Area 2 Wait Control 210 0
9 w21 1 R/W These bits select the number of program wait cy
W20 1 R/W when accessing area 2 while bit AST2 in ASTCF

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

— 0 R Reserved

This is a read-only bit and cannot be modified.
Wo2 1 R/W Area 0 Wait Control 210 0
W01 1 R/W These bits select the number of program wait c
W00 1 R/W when accessing area 0 while bit ASTO in ASTC

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted

111: 7 program wait cycles inserted
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Bit Name

Initial Value 0 0 0 0 0 0
R/W R R R R R R
Initial
Bit Bit Name Value R/W Description
15 RDN7 0 R/W Read Strobe Timing Control
14 RDN6 0 R/W These bits set the negation timing of the read st
13 RDN5 0 R/W corresponding area read access.
12 RDN4 0 R/W As shown in figure 6.2, the read strobe for an ar
which the RDNn bit is set to 1 is negated one ha
" RDN3 0 R/W earlier than that for an area for which the RDNn
10 RDN2 0 R/W cleared to 0. The read data setup and hold time
9 RDN1 0 RIW given one half-cycle earlier.
8 RDNO 0 R/W 0: In an area n read access, the RD signal is ne
the end of the read cycle
1: In an area n read access, the RD signal is ne
half-cycle before the end of the read cycle
(n=7100)
7t00 — All O R Reserved

These are read-only bits and cannot be modifiec

Notes: 1. In an external address space which is specified as byte control SRAM interfaci
RDNCR setting is ignored and the same operation when RDNn = 1 is performe

2.

In an external address space which is specified as burst ROM interface, the R

setting is ignored during CPU read accesses and the same operation when RI
performed.

Rev. 2.00 Jun. 28, 2007 Page 140 of 864

REJ09B0341-0200

RENESAS



RDNn =1

(n=7100)

Figure6.2 Read Strobe Negation Timing (Example of 3-State Access Spa

6.2.5 CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed
interface are to be extended. Extending the assertion period of the CSn and address sign
the setup time and hold time of read strobe (@) and write strobe (LHWR/LLWR) to be
and to make the write data setup time and hold time for the write strobe become flexible

Bit 15 14 13 12 11 10 9

Bit Name CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXT1

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
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period (Th) is extended
(n=7100)

CSXT7
CSXT6
CSXT5
CSXT4
CSXT3
CSXT2
CSXTH1
CSXTO0

o = N W~ 0O N

O O O O O O o o

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

CS and Address Signal Assertion Period Contro

These bits specify whether or not the Tt cycle is

inserted (see figure 6.3). When an area for whicl

CSXTnis set to 1 is accessed, one Tt cycle, in v

CSn and address signals are retained, is inserte

the normal access cycle.

0: In access to area n, the CSn and address ass
period (Tt) is not extended

1: In access to area n, the CSn and address ass
period (Tt) is extended
(n=7100)

Note: * In burst ROM interface, the CSXTn settings are ignored during CPU read acce
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RD/WR :X . X:

= | 5
Read I ] j i 1
Data bus : : : { Read data :
LHWR, LLWR ! | 5
Write I ] ‘ | { ]

Data bus —‘—( Write data )_

Figure6.3 CS and Address Assertion Period Extension
(Example of Basic BusInterface, 3-State Access Space, and RDNn = 0)

6.2.6 Idle Control Register (IDLCR)

IDLCR specifies the idle cycle insertion conditions and the number of idle cycles.

Bit 15 14 13 12 11 10 9
Bit Name IDLS3 IDLS2 IDLSH IDLSO IDLCB1 IDLCBO IDLCA1
Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IDLSEL7 IDLSEL6 IDLSEL5 IDLSEL4 IDLSEL3 IDLSEL2 IDLSELA

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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1: An idle cycle is inserted

13

IDLSH

R/W

Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles whe
external read cycles of different areas continue.

0: No idle cycle is inserted
1: An idle cycle is inserted

12

IDLSO

R/W

Idle Cycle Insertion 0

Inserts an idle cycle between the bus cycles whe
external read cycle is followed by external write

0: No idle cycle is inserted
1: An idle cycle is inserted

11
10

IDLCBH1
IDLCBO

R/W
R/W

Idle Cycle State Number Select B

Specifies the number of idle cycles to be inserte
idle condition specified by IDLS1 and IDLSO.

00: No idle cycle is inserted

01: 2 idle cycles are inserted
00: 3idle cycles are inserted
01: 4 idle cycles are inserted

IDLCA1
IDLCAO

R/W
R/W

Idle Cycle State Number Select A

Specifies the number of idle cycles to be inserte
idle condition specified by IDLS3 to IDLSO.

00: 1 idle cycle is inserted

01: 2 idle cycles are inserted
10: 3 idle cycles are inserted
11: 4 idle cycles are inserted

Rev. 2.00 Jun. 28, 2007 Page 144 of 864

REJ09B0341-0200

RENESAS



6.2.7 Bus Control Register 1 (BCR1)

BCRI is used for selection of the external bus released state protocol, enabling/disablin;
write data buffer function, and enabling/disabling of the WAIT pin input.

Bit 15 14 13 12 11 10 9
Bit Name BRLE BREQOE — — — — WDBE
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R R R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name DKC — — — — — —
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R R R R R
Initial
Bit Bit Name Value R/W Description
15 BRLE 0 R/W External Bus Release Enable

Enables/disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be use
ports

1: External bus release enabled*
For details, see section 9, I/0 Ports.
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11,10 —

AllO

R/W

Reserved

These bits are always read as 0. The write value
always be 0.

9 WDBE

R/W

Write Data Buffer Enable

The write data buffer function can be used for ar
write cycle and a DMAC single address transfer

The changed setting may not affect an external :
immediately after the change.

0: Write data buffer function not used
1: Write data buffer function used

8 WAITE

R/W

WAIT Pin Enable
Selects enabling/disabling of wait input by the W
0: Wait input by WAIT pin disabled
WAIT pin can be used as I/O port
1: Wait input by WAIT pin enabled
For details, see section 9, I/O Ports.

7 DKC

R/W

DACK Control

Selects the timing of DMAC transfer acknowledc
assertion.

0: DACK signal is asserted at the B¢ falling edge
1: DACK signal is asserted at the B¢ rising edge

R/W

Reserved

This bit is always read as 0. The write value sho
always be 0.

5to0 —

AllO

Reserved
These are read-only bits and cannot be modifiec
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Bit Bit Name Value R/W Description
7,6 — All O R Reserved
These are read-only bits and cannot be modifie
5 — 0 R/W Reserved
This bit is always read as 0. The write value sh
always be 0.
4 IBCCS 0 R/W Internal Bus Cycle Control Select
Selects the internal bus arbiter function.
0: Releases the bus mastership according to th
1: Executes the bus cycles alternatively when &
mastership request conflicts with a DMAC ot
mastership request
3,2 — AllO R Reserved
These are read-only bits and cannot be modifie
1 — 1 R/W Reserved
This bit is always read as 1. The write value sh
always be 1.
0 PWDBE 0 R/W Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data b
function for the peripheral module write cycles.

0: Write data buffer function not used
1: Write data buffer function used
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R/W R/W R/W R/W R/W R/W RW R
Initial
Bit Bit Name Value R/W Description
7 LE7 0 R/W Little Endian Select
6 LE6 0 R/W Selects the endian for the corresponding area.
5 LE5 0 R/W 0: Data format of area n is specified as big endic
4 LE4 0 R/W 1: Data format of area n is specified as little endi
3 LES 0 R/W (n=7102)
2 LE2 0 R/W
1,0 — AllO R Reserved

These are read-only bits and cannot be modifiec
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R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1

Bit Name — —_ o — o — e

Initial Value 0 0 0 0 0 0 0

R/W R R R R R R R
Initial

Bit Bit Name Value R/W Description

15 BCSEL7 O R/W Byte Control SRAM Interface Select

14 BCSEL6 O R/W Selects the bus interface for the corresponding
13 BCSEL5 0 R/W When setting a bit to 1, the bus interface select
12 BCSEL4 0 R/W BROMCR and MPXCR must be cleared to 0.
11 BCSEL3 O R/W 0: Area n is basic bus interface

10 BCSEL2 O R/W 1: Area n is byte control SRAM interface

9 BCSEL1 0 rw (=710

8 BCSELO O R/W

7to0 — AllO R Reserved

These are read-only bits and cannot be modifie
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Initial Value 0 0

R/W

Bit

R/W R/W

Initial
Bit Name Value

R/W

R/W

R/W R R R/W

Description

15

BSRMO 0

RW

Area 0 Burst ROM Interface Select

Specifies the area 0 bus interface. To set this bi
clear bit BCSELO in SRAMCR to 0.

0: Basic bus interface or byte-control SRAM inte
1: Burst ROM interface

14
13
12

BSTS02
BSTS01
BSTS00 0

R/W
R/W
R/W

Area 0 Burst Cycle Select

Specifies the number of burst cycles of area 0
000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

11,10

— AllO

Reserved
These are read-only bits and cannot be modifiec
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Specifies the area 1 bus interface as a basic in
a burst ROM interface. To set this bit to 1, clea
BCSEL1 in SRAMCR to 0.

0: Basic bus interface or byte-control SRAM int
1: Burst ROM interface

6

4

BSTS12 0
BSTS11 0
BSTS10 0

R/W
R/W
R/W

Area 1 Burst Cycle Select

Specifies the number of cycles of area 1 burst ¢
000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

3,2

— AllO

R

Reserved
These are read-only bits and cannot be modifie

BSWD11 0
BSWD10 0

R/W
R/W

Area 1 Burst Word Number Select

Selects the number of words in burst access to
burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)
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R/W R/W R/W R/W R/W R/W R R
Bit 7 6 5 4 3 2 1
Bit Name — — — — — — — /
Initial Value 0 0 0 0 0 0 0
R/W R R R R R R R
Initial
Bit Bit Name Value R/W Description
15 MPXE7 0 R/W Address/Data Multiplexed 1/O Interface Select
14 MPXE6 0 R/W Specifies the bus interface for the corresponding
13 MPXES5 0 R/W To set this bit to 1, clear the BCSELn bit in SRAI
12 MPXE4 0 rw O
11 MPXE3 0 R/W 0: Area n is specified as a basic interface or a by
control SRAM interface.
1: Area n is specified as an address/data multipl
interface
(n=7103)
10to1 — All O R Reserved
These are read-only bits and cannot be modifiec
0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for the
output cycle of address/data multiplexed 1/O inte

0: No wait cycle is inserted for the address outpt
1: One wait cycle is inserted for the address outy
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TCZISIETS O PEripneral modauies sucn as Sl and umer.
e External access cycle
A bus that accesses external devices via the external bus interface.

o
synchronization

[Cero] Cowe] [P5F] (257

( Internal system bus >

Bus controller,
interrupt controller,

power-down controller |_DMAC

Write data Write data
buffer [ [} 7] buffer
[ D ] [ D ]
Internal peripheral bus External access bus

Po

synchronization

Bo

synchronization

External bus
interface

Peripheral
functions

T
'
'
'
'
'
'
'
'
'
'
'
'
'

Figure6.4 Internal Bus Configuration
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Bus controllier

CPU

DTC

DMAC

Internal memory
Clock pulse generator
Power down control

Po

I/0 ports
TPU
PPG
TMR
WDT
SCI

A/D

D/A

Bo

External bus interface
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VL alllss Ly~LClts 15 codicud vascud Ol 19.

If the frequencies of I, Pd and B¢ are different, the start of bus cycle may not synchron
P¢ or B according to the bus cycle initiation timing. In this case, clock synchronizatior
(Tsy) is inserted at the beginning of each bus cycle.

For example, if an external address space access occurs when the frequency rate of 1¢ ar
n: 1,0 to n-1 cycles of Tsy may be inserted. If an internal peripheral module access occ
the frequency rate of I¢p and Pd is m : 1, 0 to m-1 cycles of Tsy may be inserted.

Figure 6.5 shows the external 2-state access timing when the frequency rate of I$ and B
Figure 6.6 shows the external 3-state access timing when the frequency rate of I$ and B
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4:1, External 2-State Acces

Figure6.5 System Clock: External Bus Clock
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2:1, External 3-State Acct

Figure6.6 System Clock: External Bus Clock
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started

et g TR R = =y

Address strobe/address hold

Output e

Strobe signal indicating that th
bus, byte control SRAM, or bu
space is accessed and addres
on address bus is enabled

Signal to hold the address dur
access to the address/data mt
I/O interface

Read strobe

Output

Strobe signal indicating that the b

byte control SRAM, burst ROM, o
address/data multiplexed I/O spac
being read

Read/write

RD/WR  Output e

Signal indicating the input or c
direction

Write enable signal of the SR/
access to the byte control SR/

Low-high write/lower-upper
byte select

CHWR/LUB Output o

Strobe signal indicating that tt
bus, burst ROM, or address/d:
multiplexed 1/O space is writte
the upper byte (D15 to D8) of
is enabled

Strobe signal indicating that tt
control SRAM space is acces:
the upper byte (D15 to D8) of
is enabled
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Chip select 1 CS1 Output  Strobe signal indicating that aree
selected

Chip select 2 CS2 Output  Strobe signal indicating that aree
selected

Chip select 3 CS3 Output  Strobe signal indicating that arec
selected

Chip select 4 CS4 Output  Strobe signal indicating that arec
selected

Chip select 5 CS5 Output  Strobe signal indicating that aree
selected

Chip select 6 CSé6 Output  Strobe signal indicating that aree
selected

Chip select 7 CS7 Output  Strobe signal indicating that arec
selected

Wait WAIT Input Wait request signal when acces:
external address space.

Bus request BREQ Input Request signal for release of bus

external bus master

Bus request acknowledge

BACK Output

Acknowledge signal indicating th
been released to external bus m

Bus request output

BREQO Output

External bus request signal usec
internal bus master accesses ex
address space in the external-bu
state

Data transfer acknowledge 3
(DMAC_3)

DACK3 Output

Data transfer acknowledge signe
DMAC_3 single address transfer

Data transfer acknowledge 2
(DMAC_2)

DACK2 Output

Data transfer acknowledge signe
DMAC_2 single address transfer
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Initial State Basic Bus SRAM ROM 110

Single-

Pin Name 16 8 Chip 16 8 16 16 8 16 8 Remark

B¢ Output Output — (0] O (0] O O (0] O

CSo Output Output — o] 0 o] o o — —

Ccs1 — — — (0] O (0] O (0] — —

CS2 — — — O (0] (0] —_ = = —

CS3 — — — (0] O (0] — — O (0]

CS4 — — — (0] (0] (0] — — O (0]

CS5 — — — (0] O (0] —  — O (0]

CS6 — — — (0] O (0] —_ — O (0]

CSs7 — — — (0] O (0] —  — O (0]

BS — — — (0] (0] (0] O (0] O (0]

RD/WR — — — (0] O (0] O (0] (0] (0]

AS Output Output — o 0 o 0 o — —

AH — — — — — — — — O (0]

RD Output Output — o] 0 o] O O o o]

LHWR/LUB Output Output — o] — 0 o — © —

LLWR/LLB Output Output — o] 0 o] O O o (o]

WAIT — — — o] () (o] 0 () 0] (0] Controll
WAITE

[Legend]

O: Used as a bus control signal
—: Not used as a bus control signal (used as a port input when initialized)
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Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(8 Mbytes)
H'BFFFFF
H'C00000
Area 3
(2 Mbytes)
H'DFFFFF
H'E00000
Area 4
(1 Mbyte)
H'EFFFFF
H'F00000
Area 5
(1 Mbyte — 8 kbytes)
H'FFDFFF
H'FFE000 Area 6
8 kbytes — 256 byt
nerrerr |8 KOvtes ytes)
H'FFFFO0 Area 7
HFFFFFF (256 bytes)

16-Mbyte space

Figure6.7 Address Space Area Division
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be set to 1 when outputting signals CS1 to CS7.

In on-chip ROM enabled extended mode, pins CSO to CS7 are all placed in the input stats
reset and so the corresponding PFCR bits should be set to 1 when outputting signals CSO

The PECR can specify multiple CS outputs for a pin. If multiple CSn outputs are specifie
single pin by the PFCR, CS to be output are generated by mixing all the CS signals. In th
the settings for the external bus interface areas in which the CSn signals are output to a si
should be the same.

Figure 6.9 shows the signal output timing when the CS signals to be output to areas 5 anc
output to the same pin.

= T —

- Bus cycle - E
LT, T, T,
Bo [ 1 L1 L
Address bus x External address of area n x

Figure6.8 CSn Signal Output Timing (n=0t07)
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Figure6.9 Timing When CS Signal is Output to the Same Pin

6.5.4 External BusInterface

The type of the external bus interfaces, bus width, endian format, number of access cycl
strobe assert/negate timings can be set for each area in the external address space. The b
and the number of access cycles for both on-chip memory and internal I/O registers are
are not affected by the external bus settings.

Type of External Bus|Interface: Four types of external bus interfaces are provided anc
selected in area units. Table 6.4 shows each interface name, description, area name to be
each interface. Table 6.5 shows the areas that can be specified for each interface. The in
of each area is a basic bus interface.

Table6.4 Interface Namesand Area Names

Interface Description Area Name

Basic interface Directly connected to ROM and  Basic bus space
RAM

Byte control SRAM interface Directly connected to byte Byte control SRAM ¢
SRAM with byte control pin

Burst ROM interface Directly connected to the ROM  Burst ROM space
that allows page access

Address/data multiplexed I/O Directly connected to the Address/data multip!

interface peripheral LSI that requires space

address and data multiplexing
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(1) BusWidth

A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit bus
selected functions as an 8-bit access space and an area for which a 16-bit bus is selected f
as a 16-bit access space. In addition, the bus width of address/data multiplexed I/O space
or 16 bits, and the bus width for the byte control SRAM space is 16 bits.

The initial state of the bus width is specified by the operating mode.

If all areas are designated as 8-bit access space, 8-bit bus mode is set; if any area is desig
16-bit access space, 16-bit bus mode is set.

(2) Endian Format

Though the endian format of this LSI is big endian, data can be converted into little endiz
when reading or writing to the external address space.

Areas 7 to 2 can be specified as either big endian or little endian format by the LE7 to LE
ENDIANCR.

The initial state of each area is the big endian format.

Note that the data format for the areas used as a program area or a stack area should be b;
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Number of access cycles in the basic bus interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

Assertion period of the chip select signal can be extended by CSACR.

(b) ByteControl SRAM Interface

The number of access cycles in the byte control SRAM interface is the same as that in tl
bus interface.

Number of access cycles in byte control SRAM interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

(¢) Burst ROM Interface

The number of access cycles at full access in the burst ROM interface is the same as tha
basic bus interface. The number of access cycles in the burst access can be specified as
eight cycles by the BSTS bit in BROMCR.

Number of access cycles in the burst ROM interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)

+ number of CS extension cycles (0, 1)
[+number of external wait cycles by the WAIT pin]
+ number of burst access cycles (1 to 8) x number of burst accesses (0 to 63)
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‘lable 6.0 lists the number of access cycles 1or each mterrace.

Table6.6 Number of Access Cycles

Basic bus interface = Th +T1 +T2 +Tt
________ ) U (5.1 PP
= Th +T1 +T2 +Tpw +TtW 4T3 +Tt
o1 [ [1] [0to7] [n] 1] [0.1]
Byte control SRAM interface = Th +T1 +T2 +Tt
________ on__m__.m._ . en
= Th +T1 +T2 +Tpw +TtW 4T3 +Tt
o1 [ (1] [0to7] [n] ] [0.1]
Burst ROM interface = Th +T1 +T2 +Tb
[0,1] [1] [1] [(1to 8) xm] [(2t0 3) +
I Th 4T 412 ATpw  #TW 4T3 4T T
[0,1] [1] [1] [0to7] [n] 1] [1to8)xm] [(2to11+n)+
Address/data multiplexed /O =Tma +Th +T1 +T2 +Tt
interface 23] [041] [1] 1] [0,1]
B e e o R S S R
23] [01] [1] [1] [0to7] [n] [1] [0.1]
[Legend]
Numbers: Number of access cycles
n: Pin wait (0 to )
m: Number of burst accesses (0 to 63)

(4) Strobe Assert/Negate Timings

The assert and negate timings of the strobe signals can be modified as well as number of

cycles.

e Read strobe (RD) in the basic bus interface
e Chip select assertion period extension cycles in the basic bus interface
e Data transfer acknowledge (DACK3 to DACKO) output for DMAC single address tra
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selected 1or area U by b1t bOKMU 11 bROMCK and bit BCSELU 1 SKAMUCK. 1able 6.
the external interface of area 0.

Note: Applied to the LSI version that incorporates the ROM.

Table6.7 Area0 External Interface

Register Setting

Interface BSRMO0 of BROMCR BCSELO of SRAMCI
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

(2) Areal

In externally extended mode, all of area 1 is external address space. In on-chip ROM en
extended mode, the space excluding on-chip ROM* is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.

Either of the basic bus interface, byte control SRAM, or burst ROM interface can be sel
area 1 by bit BSRM1 in BROMCR and bit BCSEL1 in SRAMCR. Table 6.8 shows the |

interface of area 1.

Note: Applied to the LSI version that incorporates the ROM.
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In externally extended mode, all of area 2 is external address space.
When area 2 external address space is accessed, the CS2 signal can be output.

Either the basic bus interface or byte control SRAM interface can be selected for area 2 b
BCSEL2 in SRAMCR. Table 6.9 shows the external interface of area 2.

Table6.9 Area?2 External Interface

Register Setting

Interface BCSEL2 of SRAMCR
Basic bus interface 0

Byte control SRAM interface 1

4) Area3

In externally extended mode, all of area 3 is external address space.
When area 3 external address space is accessed, the CS3 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexc
interface can be selected for area 3 by bit MPXE3 in MPXCR and bit BCSEL3 in SRAM

Table 6.10 shows the external interface of area 3.
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(5) Area4d
In externally extended mode, all of area 4 is external address space.
When area 4 external address space is accessed, the CS4 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiple:
interface can be selected for area 4 by bit MPXE4 in MPXCR and bit BCSEL4 in SRA
Table 6.11 shows the external interface of area 4.

Table6.11 Area4 External Interface

Register Setting

Interface MPXE4 of MPXCR BCSEL4 of SRAMCE
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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SRAMCR Table 6.12 shows the external interface of area 5.

Table6.12 Area5 External Interface

Register Setting

Interface MPXES5 of MPXCR BCSELS5 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(7) Areab

Area 6 includes internal I/O registers. In external extended mode, area 6 other than on-ch
register area is external address space.

When area 6 external address space is accessed, the CS6 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexc
interface can be selected for area 6 by the MPXES6 bit in MPXCR and the BCSELS6 bit in
SRAMCR. Table 6.13 shows the external interface of area 6.
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8) Area7

Area 7 includes internal I/O registers. In external extended mode, area 7 other than inter
register area is external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiple:
interface can be selected for area 7 by the MPXE?7 bit in MPXCR and the BCSEL7 bit i
SRAMCR. Table 6.14 shows the external interface of area 7.

Table6.14 Area7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCI
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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amount of data that can be accessed at one time is one byte: a word access is performed a
byte accesses, and a longword access, as four byte accesses.

Figures 6.10 and 6.11 illustrate data alignment control for the 8-bit access space. Figure ¢
shows the data alignment when the data endian format is specified as big endian. Figure ¢
shows the data alignment when the data endian format is specified as little endian.

Strobe sig

LHWR/LUB
RD
 I—
Data Access Access Bus Data bu
Size Address Count Cycle Data Size D15 D8ID
Byte n 1 1st Byte E
1st Byte Es:
Hore " P e e T B
Longword n 4 1st Byte EE
ond BRe | 2
3rd Byte B
an Be ] [
Figure6.10 Access Sizesand Data Alignment Control for 8-Bit Access Space (Big
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Figure6.11 Access Sizesand Data Alignment Control for 8-Bit Access Sp
(Little Endian)

(2) 16-Bit Access Space

With the 16-bit access space, the upper byte data bus (D15 to D8) and lower byte data b
DO) are used for accesses. The amount of data that can be accessed at one time is one by
word.

Figures 6.12 and 6.13 illustrate data alignment control for the 16-bit access space. Figur
shows the data alignment when the data endian format is specified as big endian. Figure
shows the data alignment when the data endian format is specified as little endian.

In big endian, byte access for an even address is performed by using the upper byte data
byte access for an odd address is performed by using the lower byte data bus.

In little endian, byte access for an even address is performed by using the lower byte da
byte access for an odd address is performed by using the third byte data bus.
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Longword

Even 2 1st Word SEEREEE
(en) [ ona Wod B
S st e ok

s Bye o

Figure6.12 Access Sizes

and Data Alignment Control for 16-Bit Access Space (Big

___Strobe si
LAWR/LUB
R
I
Access Access Access Bus Data b
Size Address Count Cycle __ Data Size AR
Byte %’ﬁ)n 1 1st Byte E
(gﬂdﬂ 1 1st Byte
Word oy 1 1st Word ERRERERCE
(251:’1) 2 L Ist . Byte . L
2nd Byte E
Longword Even 2 1st Word E
&) ond Word | SRR
0ud 3 st Byte
e R B
3d  Bte P

Figure6.13 Access Sizesand Data Alignment Control for 16-Bit Access Spa

(Little Endian)
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ALLLO50U L O=DIL alllss SpPpalt UL 1U=ULL aLllss spall ), UL Udld 5140, allu Tliidlall 10111at wil
accessing external address space,. For details, see section 6.5.6, Endian and Data Alignr

6.6.2 I/0O PinsUsed for Basic Bus Interface

Table 6.15 shows the pins used for basic bus interface.

Table6.15 1/0O Pinsfor Basic Bus|nterface

Name Symbol I/O Function

Bus cycle start BS Output  Signal indicating that the bus cycle has sta

Address strobe AS* Output  Strobe signal indicating that an address ou
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or outp
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte
D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte
DO) is valid during write access

Chipselect0to7 CSOto CS7 Output Strobe signal indicating that the area is sel

Wait WAIT Input Wait request signal used when an external

space is accessed

Note: * When the address/data multiplexed I/O is selected, this pin only functions as
output and does not function as the AS output.
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Bus cycle

A
Y

—
N

3
|

Z
_IS Blaln

RD

Read < D15to D8 — @_
D7 to DO : { Invalid >—
[AWR : | [

| wWR E High level

Write ' '
D15 to D8 ——— Valid —
D7 to DO :

RDAWR :)(
DACK : |

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.14 16-Bit 2-State Access Space Bus Timing
(Byte Accessfor Even Address)

Rev. 2.00 Jun. 28, 2007 Page 176 of 864
REJ09B0341-0200 RRENESAS



ReadJ D15 to D8

: : ( Invalid }—
e LAWR E ' High level E
wie {WR L [T
D15 to D§ —— '
° ! " High-Z !
| D7toD0 — Valid

&
(2]

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.15 16-Bit 2-State Access Space Bus Timing
(Byte Accessfor Odd Address)

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



Valid

: ( Valid >—
[IWR _'_l—_,_'_
D15 to D8 —( Valid )

L D7 to DO —( Valid

s L |

RD/WR X

DACK ! |

Read J D15 to D8

D7 to DO

-

Write <

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.16 16-Bit 2-State Access Space Bus Timing
(Word Access for Even Address)
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Read<

Write <

Address :X ; | X:
D15 to D8 @—
L D7 to DO E ; E < Invalid }—
CWR ; High level | E
D15to D8 —‘—( Valid )—
L D7 to DO :
| I Highz | ;
s L[
RD/WR :X ; X:
e A I~
Notes: 1.n:'0t07 '

2. When RDNn =0
3. When DKC =0

Figure6.17 16-Bit 3-State Access Space Bus Timing
(Byte Access for Even Address)

RENESAS
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{ Invalid

Read < D15to D8

Valid

D7 to DO

CAWR High level

LLWR

Write <

D15to D8 High-Z

-

D7to D0 ———{ Valid

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.18 16-Bit 3-State Access Space Bus Timing
(Word Accessfor Odd Address)
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D7 to DO Valid

LHWR

LLWR

Write

D15 to D8 ----———( Valid
D7t0D0 ———u-{ Valid
~ 1

BS | I
RD/WR P(
DACK E |

Notes:1. n=0to 7
2. When RDNn =0
3. When DKC =0

Figure6.19 16-Bit 3-State Access Space Bus Timing
(Word Accessfor Even Address)
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(<) FInVvvatinserton

For 3-state access space, when the WAITE bit in BCR1 is set to 1 and the corresponding
is set to 1, wait input by means of the WAIT pin is enabled. When the external address sf
accessed in this state, a program wait (Tw) is first inserted according to the WTCRA and
settings. If the WAIT pin is low at the falling edge of B¢ in the last T2 or Tpw cycle, ano
cycle is inserted until the WAIT pin is brought high. The pin wait insertion is effective w
Tw cycles are inserted to seven cycles or more, or when the number of Tw cycles to be ir
changed according to the external devices. The WAITE bit is common to all areas. For d
ICR, see section 9, I/0 Ports.

Figure 6.20 shows an example of wait cycle insertion timing. After a reset, the 3-state ac«
specified, the program wait is inserted for seven cycles, and the WAIT input is disabled.
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Data bus
LHWR, LLWR

Write data

Data bus

Read
Write

Upward arrows indicate the timing of WAIT pin sampling.

n=0to7

Notes: 1.

2.

=0

3. When RDNn

Figure6.20 Example of Wait Cycle Insertion Timing
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Bus cycle
T2

Bo

=
2 (2} (2]
(9]
a 3 a
ke c o <
° 'S _S _D © [a)] ©
< (G] < [ o [ (a]

o -

I 1

C C

4 =z

a [m]

o o

=0

2. When DKC

Notes: 1. n=0to 7

Figure6.21 Example of Read Strobe Timing
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3-state access space.

Both extension cycle Th inserted before the basic bus cycle and extension cycle Tt inser
the basic bus cycle, or only one of these, can be specified for individual areas. Insertion
insertion can be specified for the Th cycle with the upper eight bits (CSXH7 to CSXHO’
CSACR, and for the Tt cycle with the lower eight bits (CSXT7 to CSXTO0).
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Write
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1.

Notes:

=0

2. When DKC

Figure6.22 Example of Timing when Chip Select Assertion Period is Extenc
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SN I S I B

Address bus X | gX:
Csn —I E I_
AS : E :
D ] B
Read i B h
Data bus : : {Read datay

LHWR, LLWR '—|+,—'
Write ! .

Data bus —E—< Write data >
5 | |
RD/WR X ! X:
DKC=0 , | E |_
DACK - |
DKC =1 —l ' |_

Notes: 1. n=7t00
2. RDNn=0

Figure6.23 DACK Signal Output Timing
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6.7.1 Byte Control SRAM Space Setting

Byte control SRAM interface can be specified for areas O to 7. Each area can be specifiec
control SRAM interface by setting bits BCSELn (n = 0 to 7) in SRAMCR. For the area s;
as burst ROM interface or address/data multiplexed I/O interface, the SRAMCR setting i
and byte control SRAM interface cannot be used.

6.7.2 Data Bus

The bus width of the byte control SRAM space can be specified as 16-bit byte control SR
space according to bits ABWHn and ABWLn (n =0 to 7) in ABWCR. The area specifiec
access space cannot be specified as the byte control SRAM space.

For the 16-bit byte control SRAM space, data bus (D15 to DO) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see se
6.5.6, Endian and Data Alignment.
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AOS/AM

AUUIcsSS utput
strobe

ooDe siglidl indicauriy tiat
output on the address bus is \
a basic bus interface space o
control SRAM space is acces:

CSn CSn Chip select Output Strobe signal indicating that a
selected
RD RD Read strobe Output Output enable for the SRAM \
byte control SRAM space is a
RD/WR RD/WR Read/write  Output Write enable signal for the SF
the byte control SRAM space
accessed
LHWR/LUB LUB Lower-upper Output Upper byte select when the 1
byte select control SRAM space is acces
LLWR/LLB LLB Lower-lower Output Lower byte select when the 1
byte select control SRAM space is acces:
WAIT WAIT Wait Input  Wait request signal used whe
external address space is acc
A23to A0  A23to A0 Address pin  Output Address output pin
D15to D0 D15to DO Data pin Input/  Data input/output pin
output
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)
|
3

i
—
N

P
ﬂ

Bo

Address

Read <

Valid

|

D15 to D8

Valid

AL

|

| D7 to DO

RD/WR

BD Highilevel

Write <

D15 to D8 Valid

D7 to DO Valid

BS

DACK

Il J]LMJ“

I T oAl

Note:n=0to 7

Figure6.24 16-Bit 2-State Access Space Bus Timing
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I

Read <

D15 to D8 — : { Valid

innl|

D7toD0 — s { Valid

( RD/WR

RD . ] High level
D15 to D8 ——— Valid
L b7to0 —— Valid

Write <

YY1

BS l I
DACK |
Note:n=0to 7

Figure6.25 16-Bit 3-State Access Space Bus Timing
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For 3-state access space, when the WAITE bit in BCR1 is set to 1, the corresponding DD
cleared to 0, and the ICR bit is set to 1, wait input by means of the WAIT pin is enabled.
details on DDR and ICR, refer to section 9, I/O Ports.

Figure 6.26 shows an example of wait cycle insertion timing.

Rev. 2.00 Jun. 28, 2007 Page 192 of 864
REJ09B0341-0200 RENESAS



...... _“-----l_--_“------- B I I
o
©
I I R s[___. ]
el
(]
[
o
_ s
[ [3]
DVV ©
I B 0 ISR N B L fe| €
5=
..... _---.--l_-_:-:-:-:_l- |
2 L. g
> 2 | =
o 2 s 2 =
_S -] a _D © a AD ©
< D o o a o o a
T o
& S

Upward arrows indicate the timing of WAIT pin sampling.

Notes:1.

2.n=0to7

Figure6.26 Example of Wait Cycle Insertion Timing
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cycle in the same way as the basic bus interface. For details, refer to section 6.6.6, Extens
Chip Select (CS) Assertion Period.
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Read <

Write <

DACK {

Bo | | I

Address X ,

o | :
— ; C
_— | ;
D15 to D8 @_'_
RD/WR —l |_
"5 E High !evel i
D15 to D8 —-—( —Vaid >_
D7 to DO —.—( Valid —

DKC =0 —'—l

DKC = 1 _|

Figure6.27 DACK Signal Output Timing
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Settings can be made independently for area O and area 1.

In the burst ROM interface, the burst access covers only CPU read accesses. Other acces:
performed with the similar method to the basic bus interface.

6.8.1 Burst ROM Space Setting

Burst ROM interface can be specified for areas 0 and 1. Areas 0 and 1 can be specified a:
ROM space by setting bits BSRMn (n = 0, 1) in BROMCR.

6.8.2 Data Bus

The bus width of the burst ROM space can be specified as 8-bit or 16-bit burst ROM inte
space according to the ABWHn and ABWLn bits (n =0, 1) in ABWCR.

For the 8-bit bus width, data bus (D7 to DO0) is valid. For the 16-bit bus width, data bus (I
DO0) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see se
6.5.6, Endian and Data Alignment.
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Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or outp

Low-high write LHWR Output  Strobe signal indicating that the upper byte
D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte
is valid during write access

Chip select 0, 1 S0, CSH1 Output  Strobe signal indicating that the area is sel

Wait WAIT Input Wait request signal used when an external

space is accessed
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Burst access

The basic access timing for burst ROM space is shown in figures 6.28 and 6.29.
Full access

Bo

Upper

address bus

Lower

address bus
n

Data bus

RD/WR

RENESAS

Figure6.28 Example of Burst ROM Access Timing (ASTn = 1, Two Burst Cy

Note:n=1,0
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Data bus __( - '>_<

T 1Ty T

Note:n=1,0

Figure6.29 Example of Burst ROM Access Timing (ASTn =0, OneBurst C
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The read strobe negation timing is the same timing as when RDNn = 0 in the basic bus in

6.8.7  Extension of Chip Select (CS) Assertion Period

In the burst ROM interface, the extension cycles can be inserted in the same way as the b
interface.

For the burst ROM space, the burst access can be enabled only in read access by the CPU
case, the setting of the corresponding CSXTn bit in CSACR is ignored and an extension «
be inserted only before the full access cycle. Note that no extension cycle can be inserted
after the burst access cycles.

In accesses other than read accesses by the CPU, the burst ROM space is equivalent to th
bus interface space. Accordingly, extension cycles can be inserted before and after the bu
cycles.
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MPXCR.

6.9.2 Address/Data M ultiplex

In the address/data multiplexed I/O space, data bus is multiplexed with address bus. Tat
shows the relationship between the bus width and address output.

Table6.18 Address/Data Multiplex

Data Pins

Bus Width| Cycle | PI7 | Pl6 | PI5 | Pl4 | PI3 | PI2 | PI1 | PIO | PH7 | PH6 | PH5 | PH4 | PH3 | PH2

8 bits Address - - - - - - - - | A7 | A6 | A5 | A4 | A3 | A2

Data - - - - - - - - D7 | D6 | D5 | D4 | D3 | D2

16 bits Address | A15 | A14 | A13 | A12 |A11 |[A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2

Data D15 | D14 | D13 |D12 (D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2

6.9.3 Data Bus

The bus width of the address/data multiplexed I/O space can be specified for either 8-bi
space or 16-bit access space by the ABWHn and ABWLn bits (n =3 to 7) in ABWCR.

For the 8-bit access space, D7 to DO are valid for both address and data. For 16-bit acce
D15 to DO are valid for both address and data. If the address/data multiplexed I/O space
accessed, the corresponding address will be output to the address bus.

For details on access size and data alignment, see section 6.5.6, Endian and Data Alignr
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as the address/data multiplexed 1/O spe

AS/AH AH* Address hold Output Signal to hold an address when the
address/data multiplexed I/O space is s
RD RD Read strobe Output Signal indicating that the address/data
multiplexed I/O space is being read
LHWR/LUB LHWR Low-high Output  Strobe signal indicating that the upper |
write to D8) is valid when the address/data
multiplexed 1/O space is written
LLWRALB LLWR Low-low Output  Strobe signal indicating that the lower b
write to DO) is valid when the address/data
multiplexed I/O space is written
D15to D0 D15to DO Address/dat Input/ Address and data multiplexed pins for t
a output address/data multiplexed 1/O space.
Only D7 to DO are valid when the 8-bit
specified. D15 to DO are valid when the
space is specified.
A23 to A0 A23to A0 Address Output Address output pin
WAIT WAIT Wait Input  Wait request signal used when the exte
address space is accessed
BS BS Buscycle  Output Signal to indicate the bus cycle start
start
RD/WR RD/WR  Read/write  Output Signal indicating the data bus input or
direction
Note: * The AH output is multiplexed with the AS output. At the timing that an area is s

as address/data multiplexed 1/0, this pin starts to function as the AH output me
that this pin cannot be used as the AS output. At this time, when other areas s
basic bus interface is accessed, this pin does not function as the AS output. Ul
area is specified as address/data multiplexed I/O, be aware that this pin functic

the AS output.
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]

Bo

Address bus H x

Address

D7 to DO

Address Write data

D7 to DO

Read

Write

DACK

=3to7

Note: n

Figure6.30 8-Bit Access Space Access Timing (ABWHN =1, ABWLn =
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,_
I
=
T

,_
[
s

I

Write ¢ D15 to DO —-—< Address )—( Write data

ES : ; :
RD/WR :>< X:
DACK : | |
Note:n=3t07 ' ' '

Figure6.31 16-Bit Access Space Access Timing (ABWHn =0, ABWLn =1
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Bo

D15 to DO

Write data

D15 to DO

Read

Write

—

Note:n=3t07

:1)

Figure6.32 Access Timing of 3 Address Cycles (ADDEX
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in the same way as in basic bus interface. For details, refer to section 6.6.5, Read Strobe (
Timing.

Figure 6.33 shows an example when the read strobe timing is modified.
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Address

D7 to DO

(2]
%]
o
e}
kel
<
a8 «
| v
2 = ®)
~ _S o <
o 0 [ o

=0

RDNn

RDNn =1

Note:n=3t07

Figure6.33 Read Strobe Timing
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e L L0 L4 L LIl

3
W]

Read

R s : — L

Write { [LWR ! j i j ' '

D15 to DO —-—( EAddress H E EWrite data |

I
5 R R
RD/\WD(E | : 5 i X:

|_

DACK i

Note:n=3t07

Figure6.34 Chip Select (CS) Assertion Period Extension Timing in Data Cy:

When consecutively reading from the same area connected to a peripheral LSI whose dat
time is long, data outputs from the peripheral LSI and this LSI may conflict. Inserting the
select assertion period extension cycle after the access cycle can avoid the data conflict.

Figure 6.35 shows an example of the operation. In the figure, both bus cycles A and B ar
access cycles to the address/data multiplexed I/O space. An example of the data conflict i
in (a), and an example of avoiding the data conflict by the CS assertion period extension «

®).
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Data bus

Data hold time is long.

(a) Without CS assertion period extension cycle (CSXTn = 0)

Bus cycle A

@ ML L L L L

Address bus X

cs

Bus cycle B

A
Y
A
Y

RD , | |
Data bus —i—:

N
N
N

(b) With CS assertion period extension cycle (CSXTn = 1)

Figure6.35 Consecutive Read Accessesto SameArea
(Address/Data Multiplexed 1/0 Space)
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DACK

=3to7

Note: n

Figure6.36 DACK Signal Output Timing
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alll wiltlo allld ploviously actossculd alta.

1. When read cycles of different areas in the external address space occur consecutivel
2. When an external write cycle occurs immediately after an external read cycle

3. When an external read cycle occurs immediately after an external write cycle
4

. When an external access occurs immediately after a DMAC single address transfer (
cycle)

Up to four idle cycles can be inserted under the conditions shown above. The number of
cycles to be inserted should be specified to prevent data conflicts between the output da
previously accessed device and data from a subsequently accessed device.

Under conditions 1 and 2, which are the conditions to insert idle cycles after read, the m
idle cycles can be selected from setting A specified by bits IDLCA1 and IDLCAO in ID
setting B specified by bits IDLCB1 and IDLCBO in IDLCR: Setting A can be selected f
four cycles, and setting B can be selected from one or two to four cycles. Setting A or B
specified for each area by setting bits IDLSEL7 to IDLSELO in IDLCR. Note that bits I
to IDLSELO correspond to the previously accessed area of the consecutive accesses.

The number of idle cycles to be inserted under conditions 3 and 4, which are conditions
idle cycles after write, can be determined by setting A as described above.

After the reset release, IDLCR is initialized to four idle cycle insertion under all conditi
shown above.

Table 6.20 shows the correspondence between conditions 1 to 4 and number of idle cycl
inserted for each area. Table 6.21 shows the correspondence between the number of idle
be inserted specified by settings A and B, and number of cycles to be inserted.
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1 B B B B
Read after write 2 0 — Invalid
1 A
External access after single address 3 0 — Invalid
transfer ] A
[Legend]

A: Number of idle cycle insertion A is selected.
B: Number of idle cycle insertion B is selected.

Invalid: No idle cycle is inserted for the corresponding condition.

Table6.21 Number of Idle Cycle Insertions

Bit Settings
A B
IDLCA1 IDLCAO IDLCB1 IDLCBO Number of Cy«
— — 0 0 0
0 0 — — 1
0 1 0 1 2
1 0 1 0 3
1 1 1 1 4
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alll a4 Udta LOLLLLICL 15 plovellicd.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

CS (area B) : :
L L [ s s

:

Data bus

A
Data hold

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =1, IDLSELn =0, IDLCA1 =0, IDL

Figure6.37 Example of Idle Cycle Operation (Consecutive Readsin Different
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Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T T, T, T T T,

Address bus :X - ;x: 3 EX ;

CS (area A) | l E | l |
CS (area B) E I—l_ E E
w0 T |

LLWR

Data bus

time is long.

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLSO = 0) (IDLSO = 1, IDLSELn = 0, IDLCA1 =0, IDLCAOQ =

Figure6.38 Example of Idle Cycle Operation (Write after Read)
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CS (area A) | I . | I

S (area B)

Output floating '
time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS2 = 0) (IDLS2 =1, IDLCA1 =0, IDLCAO =

Figure6.39 Example of Idle Cycle Operation (Read after Write)
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Bo

Address bus -x

Bus cycle A Bus cycle B

T, T, Ty Ty Ty

ok L[
Data bus —;—( ;al ;

Bus cycle A Bus cycle B

T T T,

L

' = Data conflict
Output floating

time is long.

(a) No idle cycle inserted
(IDLS3 = 0)

—

(b) Idle cycle inserted
(IDLS3 =1, IDLCA1 =0, IDLCAO -

Figure6.40 Example of Idle Cycle Operation (Write after Single Address Transfe
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o 1 N 1 i i " !
o LI LML L L e

Address bus |

-t

CS (area A) -l

e e

S (area B)

Data bus

——
—

1
.
!
1
1
!
1
|
1
1
1
1
1
!
1
!
1
>
!

-

e _____j_____ -

1 I
Specified number of idle cycles or more
including no external access cycles (NOP)

(Condition: Number of idle cycles to be inserted when different reads continue: 4 cycles)

Figure6.41 ldle CyclelInsertion Example
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e e UL

Address bus 3 X X: :X X E

CS (area A) | | E | | E

CS (area B) i |
. TUZRT T

Overlap time may occur between the
CS (area B) and RD

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =1, IDLSELn = 0, IDLCA1 = 0, IDLCA(

Figure6.42 Relationship between Chip Select (CS) and Read (RD)
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0 1 2 cycle

0  3cycles

1 1 4 cycles

Normal space Normal —_ — — 0 — — — — — Disable
read space write 10

— — 1cycle
2 cycles

3 cycles

ala|lo|l o
= Oo|l =] O

4 cycles

0 cycle

2 cycle

3 cycles

alalo|l o
-1 OoO|=| 0

4 cycles

Normal space Normal — 0 - — — — — — — Disable
write space read

— — 1cycle
2 cycles
3 cycles

- Ol =] O

4 cycles

Single Normal o - — — — — — — — Disable
address space read

. 1 0 O
transfer write

— — 1cycle

0 1 2 cycles
1 0 3 cycles
1 1 4 cycles
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LIS IR

RD High
BS High
RD/WR High
AH low

CHWR, LLWR High
DACKn (n=3100) High
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In external extended mode, when the BRLE bit in BCR1 is set to 1 and the ICR bits for
corresponding pin are set to 1, the bus can be released to the external. Driving the BRE(
issues an external bus request to this LSI. When the BREQ pin is sampled, at the prescr
timing, the BACK pin is driven low, and the address bus, data bus, and bus control sign
placed in the high-impedance state, establishing the external bus released state. For deta
DDR and ICR, see section 9, 1/O Ports.

In the external bus released state, the CPU, DTC, and DMAC can access the internal sp:
the internal bus. When the CPU, DTC, or DMAC attempts to access the external addres:
temporarily defers initiation of the bus cycle, and waits for the bus request from the exte
master to be canceled.

If the BREQOE bit in BCR1 is set to 1, the BREQO pin can be driven low when any of
following requests are issued, to request cancellation of the bus request externally.

e When the CPU, DTC, or DMAC attempts to access the external address space

e When a SLEEP instruction is executed to place the chip in software standby mode o
module-clock-stop mode

e  When SCKCR is written to for setting the clock frequency

If an external bus release request and external access occur simultaneously, the priority -
follows:

(High) External bus release > External access by CPU, DTC, or DMAC (Low)
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Vol =710 VU) iy nnpcualivc

AS High impedance
AH High impedance
RD/WR High impedance
RD High impedance
LUB, LLB High impedance
LHWR, LLWR High impedance
DACKn (n=3100) High level
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MUV ow Vuo J E E ?—----E ----- E----------?-----E-----i ----- ‘I Il

: oo Wz
Databus ~ =-=--- D ----- L SR REEEEEEE SEOEE O s

. i A E E Hi-Z E E E E :
csn l | s e A A |_

: —\ L HiZ e
AS L e LRl i s S

: L Wz L e
"D T I e

e T B
LHWR, LLWR : P T R
BREQ 5 PR S /¢ A

: N S T
BACK l L
RS | N A L

[1] @ B @4 [ (5] 8 6]

[1] Alow level of the BREQ signal is sampled at the rising edge of the B¢ signal.

[2] The bus control signals are driven high at the end of the external space access cycle. It takes two cycles
more after the low level of the BREQ signal is sampled.

[38] The BACK signal is driven low, releasing bus to the external bus master.

[4] The BREQ signal state sampling is continued in the external bus released state.

[5] A high level of the BREQ signal is sampled.

[

[

6] The external bus released cycles are ended one cycle after the BREQ signal is driven high.

7] When the external space is accessed by an internal bus master during external bus released while the B
bit is set to 1, the BREQO signal goes low.

[8] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure6.43 Bus Released State Transition Timing
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S e — e e I e e

Access Space Access Number of Access C
On-chip ROM space Read One l¢ cycle

Write Six 19 cycles
On-chip RAM space Read One l¢ cycle

Write One l¢ cycle

In access to the registers for on-chip peripheral modules, the number of access cycles diff
according to the register to be accessed. When the dividing ratio of the operating clock of
master and that of a peripheral module is 1 : n, synchronization cycles using a clock divic
to n-1 are inserted for register access in the same way as for external bus clock division.

Table 6.26 lists the number of access cycles for registers of on-chip peripheral modules.

Table6.26 Number of Access Cyclesfor Registersof On-Chip Peripheral M odules

Number of Cycles

Module to be Accessed Read Write Write Data Buffer F
DMAC registers 2l Disabled
MCU operating mode, clock pulse 2l 3l Disabled

generator, power-down control registers,
interrupt controller, bus controller, and DTC

registers
1/0O port PFCR registers and WDT registers 2P¢ 3P¢ Disabled
I/O port registers other than PFCR, TPU, 2P¢ Enabled

PPG, TMR, SCI, A/D, and D/A registers
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the first two cycles. However, from the next cycle onward, internal accesses (on-chip m
internal I/O register read/write) and the external address space write rather than waiting
ends are executed in parallel.

~&— On-chip memory read —»<&— Peripheral module r
' '

External write cycle

S [ I S S
2:3:2:'5 bus :>( 82;%2'@ 1 X rr%n,ﬁ%r}?g X Peripheral module

lo

T i T, i Ts
Bo

External address

External
space
write

CSn

LHWR, LLWR

A23 to AO :x

D15 to DO _|—( j
~ 1

Figure6.44 Example of Timing when Write Data Buffer Function isUse
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performed in the first two cycles. However, from the next cycle onward an internal memc
external access and internal I/O register write are executed in parallel rather than waiting
ends.

On-chip
| memory .
- —

i\ read '

<~—Peripheral module write—»i

S ipliaipin

Internal A
address bus Y X X

e L

Ly
Internal 1/O !
address bus A Peripheral module address

Internal I/O i
data bus ' < >

Figure6.45 Exampleof Timing when Peripheral Module
Write Data Buffer Function is Used
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6.14.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, ¢
request acknowledge signal to the bus master. If there are bus requests from more than c
master, the bus request acknowledge signal is sent to the one with the highest priority. V
master receives the bus request acknowledge signal, it takes possession of the bus until 1
is canceled.

The priority of the internal bus arbitration:
(High) DMAC > DTC > CPU (Low)
The priority of the external bus arbitration:
(High) External bus release request > External access by the CPU, DTC, and DV

If the DMAC or DTC accesses continue, the CPU can be given priority over the DMAC
to execute the bus cycles alternatively between them by setting the IBCCS bit in BCR2.
case, the priority between the DMAC and DTC does not change.

An internal bus access by the CPU, DTC, or DMAC and an external bus access by an e
release request can be executed in parallel.
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‘1he timing 1or transier of the bus 1S at the end of the bus cycle. In sleep mode, the bus 18
transferred synchronously with the clock.

Note, however, that the bus cannot be transferred in the following cases.

e The word or longword access is performed in some divisions.

e Stack handling is performed in multiple bus cycles.

e Transfer data read or write by memory transfer instructions, block transfer instruction
instruction.
(In the block transfer instructions, the bus can be transferred in the write cycle and the
following transfer data read cycle.)

e From the target read to write in the bit manipulation instructions or memory operatior
instructions.
(In an instruction that performs no write operation according to the instruction condit
a cycle corresponding the write cycle)

(2) DTC

The DTC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DTC accesses an external bus space, the DTC first takes control of t
from the internal bus arbiter and then requests a bus to the external bus arbiter.

Once the DTC takes control of the bus, the DTC continues the transfer processing cycles
master whose priority is higher than the DTC requests the bus, the DTC transfers the bus
higher priority bus master. If the IBCSS bit in BCR2 is set to 1, the DTC transfers the bu.
CPU.

Note, however, that the bus cannot be transferred in the following cases.
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After the DMAC takes control of the bus, it may continue the transfer processing cycles
the bus at the end of every bus cycle depending on the conditions.

The DMAC continues transfers without releasing the bus in the following case:

e Between the read cycle in the dual-address mode and the write cycle corresponding |
cycle

If no bus master of a higher priority than the DMAC requests the bus and the IBCSS bit
is cleared to 0, the DMAC continues transfers without releasing the bus in the following

e During 1-block transfers in the block transfer mode

e During transfers in the burst mode
In other cases, the DMAC transfers the bus at the end of the bus cycle.
(4) External BusRelease

When the BREQ pin goes low and an external bus release request is issued while the BF
BCRI1 is set to 1 with the corresponding ICR bit set to 1, a bus request is sent to the bus

External bus release can be performed on completion of an external bus cycle.

6.15 BusController Operation in Reset

In a reset, this LSI, including the bus controller, enters the reset state immediately, and ¢
executing bus cycle is aborted.
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with the setting 1or all peripheral module Clocks to be stopped (MO 1FCURA and MO 1EFCk
H'FFFFFFFF) or for operation of the 8-bit timer module alone (MSTPCRA and MSTPCI
H'F[E to O]FFFFFF), and a transition is made to the sleep state, the all-module-clock-stoy
entered in which the clock is also stopped for the bus controller and I/O ports. For details
section 20, Power-Down Modes.

In this state, the external bus release function is halted. To use the external bus release fu
sleep mode, the ACSE bit in MSTPCRA must be cleared to 0. Conversely, if a SLEEP in
to place the chip in all-module-clock-stop mode is executed in the external bus released s
transition to all-module-clock-stop mode is deferred and performed until after the bus is
recovered.

(3) External BusRelease Function and Softwar e Standby

In this LSI, internal bus master operation does not stop even while the bus is released, as
the program is running in on-chip ROM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external bus
released, the transition to software standby mode is deferred and performed after the bus
recovered.

Also, since clock oscillation halts in software standby mode, if the BREQ signal goes lov
mode, indicating an external bus release request, the request cannot be answered until the
recovered from the software standby mode.

Note that the BACK and BREQO pins are both in the high-impedance state in software s
mode.
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DMAC activation methods are auto-request, on-chip module interrupt, and external
Auto request: CPU activates (cycle stealing or burst access can be sel

On-chip module interrupt: Interrupt requests from on-chip peripheral modules can
as an activation source

External request: Low level or falling edge detection of the DREQ signal
selected. External request is available for all four chann

In block transfer mode, low level detection is only avai
Dual or single address mode can be selected as address mode
Dual address mode: Both source and destination are specified by addresses

Single address mode: Either source or destination is specified by the DREQ signal a
other is specified by address

Normal, repeat, or block transfer can be selected as transfer mode

Normal transfer mode: One byte, one word, or one longword data is transferrec
single transfer request

Repeat transfer mode: One byte, one word, or one longword data is transferrec
single transfer request

Repeat size of data is transferred and then a transfer ad
returns to the transfer start address

Up to 65536 transfers (65,536 bytes/words/longwords)
as repeat size

Block transfer mode: One block data is transferred at a single transfer reques

Up to 65,536 bytes/words/longwords can be set as bloc!
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respecuve poundary
Data is divided according to its address (byte or word) when it is transferred
e Two types of interrupts can be requested to the CPU

A transfer end interrupt is generated after the number of data specified by the transfer
is transferred. A transfer escape end interrupt is generated when the remaining total tr
size is less than the transfer data size at a single transfer request, when the repeat size
transfer is completed, or when the extended repeat area overflows.
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Yy v

Internal activation
source detector

DMRSR_n

DMDR_n
DACR_n

AR

DOFR_n

DSAR_n

DDAR_n

DTCR_n

DBSR_n

[]

[]

[

Module data bus

[Legend]

DSAR_n:
DDAR_n:
DOFR_n:
DTCR_n:
DBSR_n:
DMDR_n:
DACR_n:

DMA source address register
DMA destination address register
DMA offset register

DMA transfer count register

DMA block size register

DMA mode control register

DMA address control register

DREQn: DMA transfer request

DACKn: DMA transfer acknowledge

TENDn: DMA transfer end

DMRSR_n: DMA module request select register

Figure7.1 Block Diagram of DMAC
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Input

1 DMA transfer request 1 DREQ1 Channel 1 external reque
DMA transfer acknowledge 1 DACK1  Output  Channel 1 single addres:
acknowledge
DMA transfer end 1 TEND1  Output Channel 1 transfer end
2 DMA transfer request 2 DREQ2 Input Channel 2 external reque
DMA transfer acknowledge 2 DACK2  Output  Channel 2 single addres:
acknowledge
DMA transfer end 2 TEND2 Output Channel 2 transfer end
3 DMA transfer request 3 DREQ3 Input Channel 3 external reque
DMA transfer acknowledge 3 DACK3  Output  Channel 3 single addres:
acknowledge
DMA transfer end 3 TEND3 Output Channel 3 transfer end
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hd LJIVIA DIOCK S1ZC 1CgIsll_U \UDOR_V)

¢ DMA mode control register_0 (DMDR_0)

e DMA address control register_0 (DACR_0)

o DMA module request select register_0 (DMRSR_0)

Channdl 1:

e DMA source address register_1 (DSAR_1)

e DMA destination address register_1 (DDAR_1)

o DMA offset register_1 (DOFR_1)

e DMA transfer count register_1 (DTCR_1)

e DMA block size register_1 (DBSR_1)

e DMA mode control register_1 (DMDR_1)

e DMA address control register_1 (DACR_1)

e DMA module request select register_1 (DMRSR_1)

Channdl 2:

o DMA source address register_2 (DSAR_2)

o DMA destination address register_2 (DDAR_2)

o DMA offset register_2 (DOFR_2)

e DMA transfer count register_2 (DTCR_2)

o DMA block size register_2 (DBSR_2)

e DMA mode control register_2 (DMDR_2)

o DMA address control register_2 (DACR_2)

o DMA module request select register_2 (DMRSR_2)
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731

DSAR is a 32-bit readable/writable register that specifies the transfer source address. DS.
updates the transfer source address every time data is transferred. When DDAR is specifi
destination address (the DIRS bit in DACR is 1) in single address mode, DSAR is ignore

Although DSAR can always be read from by the CPU, it must be read from in longwords

DMA Source Address Register (DSAR)

must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25
BitName |
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name
Initial Value 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
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Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name
Initial Value 0 0 (0] 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W RW R/W RW R/W
Bit 15 14 13 12 11 10 9
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Although DTCR can always be read from by the CPU, it must be read from in longworc
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25
Bit Name I
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Initial Value 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W r
Bit 15 14 13 12 11 10 9
Bit Name BKSZ15 | BKSZ14 | BKSZ13 | BKSZ12 | BKSZ11 | BKSZ10 BKSZ9 Bl
Initial Value 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W r
Bit 7 6 4 3 2 1
Bit Name BKSZ7 BKSZ6 BKSZ5 BKSZ4 BKSZ3 BKSZ2 BKSZ1 Bl
Initial Value 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W r
Initial
Bit Bit Name Value R/W Description
3110 16 BKSZH31 Undefined R/W Specify the repeat size or block size.
to When H'0001 is set, the repeat or block size is
BKSZH16

one word, or one longword. When H'0000 is se
means the maximum value (refer to table 7.1).
DMA is in operation, the setting is fixed.

15t0 0 BKSZ15 Undefined R/'W
to BKSZ0

Indicate the remaining repeat or block size whil
DMA is in operation. The value is decremented
every time data is transferred. When the remail
becomes 0, the value of the BKSZH bits is loac
the same value as the BKSZH bits.
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DMDR controls the DMAC operation.

e DMDR_0

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value
R/W

Note: *

31 30 29 28 27 26 25
DTE DACKE | TENDE — DREQS | NRD —
0 0 0 0 0 0 0
RW RW RW RW RW RW R
23 22 21 20 19 18 17
ACT — — — | errr | — | EsF |
0 0 0 0 0 0 0
R R R R R/(W)* R RIW)* |
15 14 13 12 11 10 9
DTSZ1 DTSz0 | MDSt mpso [ Tsee | — | EsE |
0 0 0 0 0 0 0
RIW RIW RIW RIW RIW R RW
7 6 5 4 3 2 1
DTF1 DTFO DTA — — DMAP2 | DMAPT |
0 0 0 0 0 0 0
RW RIW RIW R R RIW RW

Only 0 can be written to this bit after having been read as 1, to clear the flag.
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T | F—— 1 e——————————————— | IE———— | I———— 1 1 — 1 -
Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R R/W I
Bit 7 6 5 4 3 2 1
Bit Name DTF1 DTFO DTA — — DMAP2 DMAP1 DI
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R/W R/W I

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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In block transfer mode, if writing 0 to this bit w
being transferred, this bit is cleared to 0 after |
1-block size data transfer.

If an event which stops (sustains) a transfer o
externally, this bit is automatically cleared to C
the transfer.

Operating modes and transfer methods must
changed while this bit is set to 1.

0: Disables a data transfer

1: Enables a data transfer (DMA is in operatio

[Clearing conditions]

o When the specified total transfer size of tr:
completed

o When a transfer is stopped by an overflow
by a repeat size end

e When a transfer is stopped by an overflow
by an extended repeat size end

o When a transfer is stopped by a transfer s
interrupt

¢ When clearing this bit to 0 to stop a transfi

In block transfer mode, this bit changes after
block transfer.

e When an address error or an NMI interrup
requested

e In the reset state or hardware standby mo
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28 — 0 RW

Reserved
Initial value should not be changed.

27 DREQS © R/W

DREQ Select

Selects whether a low level or the falling edge ¢
DREQ signal used in external request mode is

When a block transfer is performed in external
mode, clear this bit to 0.

0: Low level detection

1: Falling edge detection (the first transfer afte
transfer enabled is detected on a low level)

26 NRD 0 R/W

Next Request Delay
Selects the accepting timing of the next transfe

0: Starts accepting the next transfer request a
completion of the current transfer

1: Starts accepting the next transfer request o
after completion of the current transfer

25,24 — AllO R

Reserved

These bits are always read as 0 and cannot be
modified.

23 ACT 0 R

Active State
Indicates the operating state for the channel.

0: Waiting for a transfer request or a transfer c
state by clearing the DTE bit to 0

1: Active state

221020 — AllO R

Reserved

These bits are always read as 0 and cannot be
modified.

Rev. 2.00 Jun. 28, 2007 Page 246 of 864
REJ09B0341-0200

RENESAS



gcrlicialcd
[Clearing condition]
e When clearing to 0 after reading ERRF =
[Setting condition]
e When an address error or an NMl interrup
generated

However, when an address error or an NMI in
been generated in DMAC module stop mode,
not setto 1.

18 — 0 R Reserved
This bit is always read as 0 and cannot be mo
17 ESIF 0 R/(W)*  Transfer Escape Interrupt Flag

Indicates that a transfer escape end interrupt
requested. A transfer escape end means that
is terminated before the transfer counter reacl

0: A transfer escape end interrupt has not be
requested

1: A transfer escape end interrupt has been |
[Clearing conditions]

e When setting the DTE bit to 1

¢ When clearing to 0 before reading ESIF =
[Setting conditions]

o When a transfer size error interrupt is requ
o When a repeat size end interrupt is reques

e When a transfer end interrupt by an exten
area overflow is requested
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il vigititiy Vv =i =N

When clearing to 0 after reading DTIF =1

[Setting condition]

When DTCR reaches 0 and the transfer is
completed

15
14

DTSz1
DTSZ0

o

R/W
R/W

Data Access Size 1 and 0

Select the data access size for a transfer.

00:
01:
10:
11:

Byte size (eight bits)
Word size (16 bits)
Longword size (32 bits)
Setting prohibited

13
12

MDS1
MDSO0

o O

R/W
R/W

Transfer Mode Select 1 and 0

Select the transfer mode.
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e In normal or repeat transfer mode, the tote
size set in DTCR is less than the data acc

e In block transfer mode, the total transfer si
DTCR is less than the block size

0: Disables a transfer size error interrupt requ
1: Enables a transfer size error interrupt reque

10

Reserved
This bit is always read as 0 and cannot be mo

9

ESIE

0

R/W

Transfer Escape Interrupt Enable

Enables/disables a transfer escape end interr
request. When the ESIF bit is set to 1 with this
1, a transfer escape end interrupt is requestec
CPU or DTC. The transfer end interrupt reque
cleared by clearing this bit or the ESIF bit to 0

0: Disables a transfer escape end interrupt
1: Enables a transfer escape end interrupt

8

DTIE

0

R/W

Data Transfer End Interrupt Enable

Enables/disables a transfer end interrupt requ
transfer counter. When the DTIF bit is set to 1
bit set to 1, a transfer end interrupt is requeste
CPU or DTC. The transfer end interrupt reque
cleared by clearing this bit or the DTIF bitto 0

0: Disables a transfer end interrupt
1: Enables a transfer end interrupt
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11: External request

5 DTA 0 R/W

Data Transfer Acknowledge

This bit is valid in DMA transfer by the on-chip |
interrupt source. This bit enables or disables to
source flag selected by DMRSR.

0: To clear the source in DMA transfer is disabl
Since the on-chip module interrupt source is
cleared in DMA transfer, it should be clearec
CPU or DTC transfer.

1: To clear the source in DMA transfer is enabl
Since the on-chip module interrupt source is
in DMA transfer, it does not require an interri
CPU or DTC transfer.

4,3 — AllO R

Reserved

These bits are always read as 0 and cannot be
modified.
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001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (high)
Note: * Only 0 can be written to, to clear the flag.
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R/W R

R R/W R/W R R R/W F
Bit 15 14 13 12 11 10 9
Bit Name SARIE — — SARA4 | SARA3 | SARA2 SARA1 S/
Initial Value 0 0 0 0 0 0 0
R/W RIW R R R/W R/W R/W R/W F
Bit 7 6 5 4 3 2 1
Bit Name DARIE — — DARA4 | DARA3 | DARA2 DARA1 D/
Initial Value 0 0 0 0 0 0 0
R/W RIW R R R/W R/W R/W R/W F
Initial
Bit Bit Name Value R/W Description
31 AMS 0 R/W Address Mode Select
Selects address mode from single or dual addr
mode. In single address mode, the DACK pin i
according to the DACKE bit.
0: Dual address mode
1: Single address mode
30 DIRS 0 R/W Single Address Direction Select
Specifies the data transfer direction in single a
mode. This bit s ignored in dual address mode.
0: Specifies DSAR as source address
1: Specifies DDAR as destination address
29t0 27 — 0 R/W Reserved

These bits are always read as 0 and cannot be
modified.
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transfer is requested after 1-block data transfe
this bit is set to 1, the DTE bit in DMDR is cles
At this time, the ESIF bit in DMDR is set to 1 t
that a repeat size end interrupt is requested.
0: Disables a repeat size end interrupt

1: Enables a repeat size end interrupt

25 ARSH1 0 R/W Area Select 1 and 0

24 ARSO 0 R/W Specify the block area or repeat area in block
transfer mode.

00: Specify the block area or repeat area on
address

01: Specify the block area or repeat area on
destination address

10: Do not specify the block area or repeat ar
11: Setting prohibited

23,22 — AllO R Reserved
These bits are always read as 0 and cannot b
modified.

21 SAT1 0 R/W Source Address Update Mode 1 and 0

20 SATO 0 R/W Select the update method of the source addre

(DSAR). When DSAR is not specified as the t
source in single address mode, this bit is igno

00: Source address is fixed
01: Source address is updated by adding the

10: Source address is updated by adding 1, 2
according to the data access size

11: Source address is updated by subtracting
according to the data access size
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10: Destination address is updated by adding 1
according to the data access size

11: Destination address is updated by subtracti
or 4 according to the data access size

15 SARIE 0 R/W

Interrupt Enable for Source Address Extended
Overflow

Enables/disables an interrupt request for an ex
area overflow on the source address.

When an extended repeat area overflow on the
address occurs while this bit is set to 1, the DT
DMDR is cleared to 0. At this time, the ESIF bit
DMDR is set to 1 to indicate an interrupt by an

repeat area overflow on the source address is

requested.

When block transfer mode is used with the exte
repeat area function, an interrupt is requested :
completion of a 1-block size transfer. When sef
DTE bit in DMDR of the channel for which a tra
been stopped to 1, the transfer is resumed fron
state when the transfer is stopped.

When the extended repeat area is not specifiec

is ignored.

0: Disables an interrupt request for an extende
overflow on the source address

1: Enables an interrupt request for an extendec
overflow on the source address

14,13 — Al O R

Reserved

These bits are always read as 0 and cannot be
modified.
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area for address addition and subtraction, res

When an overflow in the extended repeat are:
with the SARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and ¢
the extended repeat area.

DARIE

0

R/W

Destination Address Extended Repeat Area C
Interrupt Enable

Enables/disables an interrupt request for an e
area overflow on the destination address.

When an extended repeat area overflow on th
destination address occurs while this bit is set
DTE bit in DMDR is cleared to 0. At this time,
bit in DMDR is set to 1 to indicate an interrupt
extended repeat area overflow on the destina
address is requested.

When block transfer mode is used with the ex
repeat area function, an interrupt is requested
completion of a 1-block size transfer. When s¢
DTE bit in DMDR of the channel for which the
has been stopped to 1, the transfer is resume
state when the transfer is stopped.

When the extended repeat area is not specifie
is ignored.

0: Disables an interrupt request for an extends
overflow on the destination address

1: Enables an interrupt request for an extende
overflow on the destination address

6,5

AllO

R

Reserved

These bits are always read as 0 and cannot b
modified.
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area for address addition and subtraction, resp
When an overflow in the extended repeat area
with the DARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and ar
the extended repeat area.
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v VYLITo opPCUlITITU do TALITTIUTU 1CPCdAl dlICa Dy UIC 1I0WCT O Vilo Ul UIC dUUlTC

00110 64 bytes specified as extended repeat area by the lower 6 bits of the addres
00111 128 bytes specified as extended repeat area by the lower 7 bits of the addre
01000 256 bytes specified as extended repeat area by the lower 8 bits of the addre
01001 512 bytes specified as extended repeat area by the lower 9 bits of the addre
01010 1 kbyte specified as extended repeat area by the lower 10 bits of the addres
01011 2 kbytes specified as extended repeat area by the lower 11 bits of the addre
01100 4 kbytes specified as extended repeat area by the lower 12 bits of the addre
01101 8 kbytes specified as extended repeat area by the lower 13 bits of the addre
01110 16 kbytes specified as extended repeat area by the lower 14 bits of the add
01111 32 kbytes specified as extended repeat area by the lower 15 bits of the add
10000 64 kbytes specified as extended repeat area by the lower 16 bits of the add
10001 128 kbytes specified as extended repeat area by the lower 17 bits of the ad
10010 256 kbytes specified as extended repeat area by the lower 18 bits of the adi
10011 512 kbytes specified as extended repeat area by the lower 19 bits of the adi
10100 1 Mbyte specified as extended repeat area by the lower 20 bits of the addre
10101 2 Mbytes specified as extended repeat area by the lower 21 bits of the addr
10110 4 Mbytes specified as extended repeat area by the lower 22 bits of the addr
10111 8 Mbytes specified as extended repeat area by the lower 23 bits of the addr
11000 16 Mbytes specified as extended repeat area by the lower 24 bits of the adc
11001 32 Mbytes specified as extended repeat area by the lower 25 bits of the adc
11010 64 Mbytes specified as extended repeat area by the lower 26 bits of the adc
11011 128 Mbytes specified as extended repeat area by the lower 27 bits of the ac
111xx Setting prohibited

[Legend]

x: Don't care
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7.4 Transfer Modes

Table 7.4 shows the DMAC transfer modes. The transfer modes can be specified to the ir
channels.

Table7.4 Transfer Modes

Address F

Address
Mode Transfer mode Activation Source Common Function Source
Dual e Normal transfer e Auto request e Total transfer DSAR
address | Repeat transfer (activated by size: 1to 4

o Block transfer CPU) Gbytes or not

Repeat or block size ® ©On-chip module specified

=1 to 65,536 bytes, interrupt e Offset addition

1 to 65,536 words, or o External request o Extended repeat

Io;%\?vso’:j?f area function
Single e Instead of specifying the source or destination address DSAR/
address registers, data is directly transferred from/to the external DACK

device using the DACK pin
e The same settings as above are available other than address
register setting (e.g., above transfer modes can be specified)

¢ One transfer can be performed in one bus cycle (the types of
transfer modes are the same as those of dual address modes)
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e R

address is specified in DDAR. A transfer at a time is performed in two bus cycles (wher
bus width is less than the data access size or the access address is not aligned with the by
the data access size, the number of bus cycles are needed more than two because one bu
divided into multiple bus cycles).

In the first bus cycle, data at the transfer source address is read and in the next cycle, the
is written to the transfer destination address.

The read and write cycles are not separated. Other bus cycles (bus cycle by other bus m:
refresh cycle, and external bus release cycle) are not generated between read and write ¢

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TENI
output in two bus cycles. When an idle cycle is inserted before the bus cycle, the TEND
also output in the idle cycle. The DACK signal is not output.

Figure 7.2 shows an example of the signal timing in dual address mode and figure 7.3 s}
operation in dual address mode.

. DMAread | DMA write |

! cycle ! cycle !
XS I I o
Address bus X DsaAR X DDAR X

Figure7.2 Exampleof Signal Timingin Dual AddressMode
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(2) SingleAddressMode

In single address mode, data between an external device and an external memory is direc
transferred using the DACK pin instead of DSAR or DDAR. A transfer at a time is perfo
one bus cycle. In this mode, the data bus width must be the same as the data access size. ]
details on the data bus width, see section 6, Bus Controller (BSC).

The DMAC accesses an external device as the transfer source or destination by outputtin;
strobe signal (DACK) to the external device with DACK and accesses the other transfer
outputting the address. Accordingly, the DMA transfer is performed in one bus cycle. Fig
shows an example of a transfer between an external memory and an external device with
DACK pin. In this example, the external device outputs data on the data bus and the data
to the external memory in the same bus cycle.

The transfer direction is decided by the DIRS bit in DACR which specifies an external de
the DACK pin as the transfer source or destination. When DIRS = 0, data is transferred fi
external memory (DSAR) to an external device with the DACK pin. When DIRS = 1, dat
transferred from an external device with the DACK pin to an external memory (DDAR).
settings of registers which are not used as the transfer source or destination are ignored.

The DACK signal output is enabled in single address mode by the DACKE bit in DMDR
DACK signal is low active.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND
output in one bus cycle. When an idle cycle is inserted before the bus cycle, the TEND si
also output in the idle cycle.

Figure 7.5 shows an example of timing charts in single address mode and figure 7.6 show
example of operation in single address mode.
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Figure7.4 DataFlow in Single AddressMode

Transfer from external memory to external device with DACK
. DMAcycle
——————————

Bo M

Address bus X DSAR .x ~—— Address for external memory space
RD , | I ~<—— RD signal for external memory space
w e e

DACK ' | '

Data bus : -—— Data output by external memory

Transfer from external device with DACK to external memory
. DMAcycle .
>

Bo [ I I B I

Address bus X DDAR .x ~—— Address for external memory space

-—— WR signal for external memory space

WR 1 I
DACK ' | I —
Data bus —:(::)— -—— Data output by external device with DACK

Figure7.5 Exampleof Signal Timingin Single Address Mode
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Figure7.6 Operationsin Single Address Mode

75.2 Transfer Modes
(1) Normal Transfer Mode

In normal transfer mode, one data access size of data is transferred at a single transfer rec
to 4 Gbytes can be specified as a total transfer size by DTCR. DBSR is ignored in norma
mode.

The TEND signal is output only in the last DMA transfer. The DACK signal is output ev
transfer request is received and a transfer starts.

Figure 7.7 shows an example of the signal timing in normal transfer mode and figure 7.8
the operation in normal transfer mode.

Auto request transfer in dual address mode:

. DMA transfer . Last DMA H
\ cycle h i transfer cycle

Bus oycle  ————Y Read X Write §——Y Read X Write f—————————

TEND : : | I
External request transfer in single address mode:

DREQ | |

BACK L L |

Figure7.7 Exampleof Signal Timingin Normal Transfer Mode
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(2) Repeat Transfer Mode

In repeat transfer mode, one data access size of data is transferred at a single transfer rec
to 4 Gbytes can be specified as a total transfer size by DTCR. The repeat size can be spe
DBSR up to 65536 x data access size.

The repeat area can be specified for the source or destination address side by bits ARS1
in DACR. The address specified as the repeat area returns to the transfer start address w
repeat size of transfers is completed. This operation is repeated until the total transfer si:
specified in DTCR is completed. When H'00000000 is specified in DTCR, it is regardec
free running mode and repeat transfer is continued until the DTE bit in DMDR is cleare

In addition, a DMA transfer can be stopped and a repeat size end interrupt can be reque:
CPU or DTC when the repeat size of transfers is completed. When the next transfer is re
after completion of a 1-repeat size data transfer while the RPTIE bit is set to 1, the DTE
DMDR is cleared to 0 and the ESIF bit in DMDR is set to 1 to complete the transfer. At
an interrupt is requested to the CPU or DTC when the ESIE bit in DMDR is set to 1.

The timings of the TEND and DACK signals are the same as in normal transfer mode.
Figure 7.9 shows the operation in repeat transfer mode while dual address mode is set.

When the repeat area is specified as neither source nor destination address side, the oper
the same as the normal transfer mode operation shown in figure 7.8. In this case, a repe:
interrupt can also be requested to the CPU when the repeat size of transfers is completec
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to the source side @ -

Figure7.9 Operationsin Repeat Transfer Mode
(3) Block Transfer Mode

In block transfer mode, one block size of data is transferred at a single transfer request. U
Gbytes can be specified as total transfer size by DTCR. The block size can be specified i
up to 65536 x data access size.

While one block of data is being transferred, transfer requests from other channels are su:
When the transfer is completed, the bus is released to the other bus master.

The block area can be specified for the source or destination address side by bits ARS1 a
in DACR. The address specified as the block area returns to the transfer start address whe
block size of data is completed. When the block area is specified as neither source nor de
address side, the operation continues without returning the address to the transfer start ad
repeat size end interrupt can be requested.

The TEND signal is output every time 1-block data is transferred in the last DMA transfe
When the external request is selected as an activation source, the low level detection of tt
signal (DREQS = 0) should be selected.

When an interrupt request by an extended repeat area overflow is used in block transfer n
settings should be selected carefully. For details, see section 7.5.5, Extended Repeat Arez
Function.
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DREQ | |

Transfer cycles for one block

Buscycle X CPU X CPU:X DMAC X DMAC X DMAC ;XCPU X
' s
No CPU cycle generated

TEND : |_|7

Figure7.10 Operationsin Block Transfer Mode

Address T —»|___ 1
Transfer I ~— DACH
( Block

[~/ BKSZH x T
data access size_L

/\/

Address B —»

Figure7.11 Operation in Single AddressModein Block Transfer M ode
(Block Area Specified)
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!

Address B, —»

Nth block

} Total transfer
size (DTCR)

Nth block

Y

~<— Addres

Figure7.12 Operation in Dual AddressModein Block Transfer M ode

(Block Area Not Specified)
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DMDR starts a transfer. The bus mode can be selected from cycle stealing and burst mo
(2) Activation by On-Chip Module Interrupt

An interrupt request from an on-chip peripheral module (on-chip peripheral module inte
used as a transfer request. When a DMA transfer is enabled (DTE = 1), the DMA transf
started by an on-chip module interrupt.

The activation source of the on-chip module interrupt is selected by the DMA module re
select register (DMRSR). The activation sources are specified to the individual channels
7.5 is a list of on-chip module interrupts for the DMAC. The interrupt request selected a
activation source can generate an interrupt request simultaneously to the CPU or DTC. |
refer to section 5, Interrupt Controller.

The DMAC receives interrupt requests by on-chip peripheral modules independent of tt
controller. Therefore, the DMAC is not affected by priority given in the interrupt contro

When the DMAC is activated while DTA = 1, the interrupt request flag is automatically
a DMA transfer. If multiple channels use a single transfer request as an activation sourci
the channel having priority is activated, the interrupt request flag is cleared. In this case,
channels may not be activated because the transfer request is not held in the DMAC.

When the DMAC is activated while DTA = 0, the interrupt request flag is not cleared by
DMAC and should be cleared by the CPU or DTC transfer.

When an activation source is selected while DTE = 0, the activation source does not req
transfer to the DMAC. It requests an interrupt to the CPU or DTC.

In addition, make sure that an interrupt request flag as an on-chip module interrupt sour
cleared to 0 before writing 1 to the DTE bit.
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TGI5A (TGI5A input capture/compare match) TPU_5 11
RXIO (receive data full interrupt for SCI channel 0) SCI_0 14
TXIO (transmit data empty interrupt for SCI channel 0) SCI_0 1
RXI1 (receive data full interrupt for SCI channel 1) SCI_1 14
TXI1 (transmit data empty interrupt for SCI channel 1) SCI_1 1!
RXI2 (receive data full interrupt for SCI channel 2) SCI_2 1¢
TXI2 (transmit data empty interrupt for SCI channel 2) SCI_2 1t
RXI4 (receive data full interrupt for SCI channel 4) SCI_4 16
TXI4 (transmit data empty interrupt for SCI channel 4) SCl_4 1€

(3) Activation by External Request

A transfer is started by a transfer request signal (DREQ) from an external device. When ¢
transfer is enabled (DTE = 1), the DMA transfer is started by the DREQ assertion. When
transfer between on-chip peripheral modules is performed, select an activation source fro
auto request and on-chip module interrupt (the external request cannot be used).

A transfer request signal is input to the DREQ pin. The DREQ signal is detected on the f:
edge or low level. Whether the falling edge or low level detection is used is selected by tl
DREQS bit in DMDR. To perform a block transfer, select the low level detection (DREC

When an external request is selected as an activation source, clear the DDR bit to 0 and s
ICR bit to 1 for the corresponding pin. For details, see section 9, I/O Ports.
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longword, or 1-block si1z€) 1s completed. After that, when a transter 1s requested, the DIy
obtains the bus to transfer 1-unit data and then releases the bus on completion of the trar
operation is continued until the transfer end condition is satisfied.

When a transfer is requested to another channel during a DMA transfer, the DMAC rele
bus and then transfers data for the requested channel. For details on operations when a t
requested to multiple channels, see section 7.5.8, Priority of Channels.

Figure 7.13 shows an example of timing in cycle stealing mode. The transfer conditions
follows:

e Address mode: Single address mode

e Sampling method of the DREQ signal: Low level detection

Buscycle X" cpu X_cPu X bmac_X_cpu X__bmac_X cpu X
o}

Bus released temporarily for the CPU

Figure7.13 Exampleof Timingin Cycle Stealing M ode
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Clearing the DTE bit in DMDR stops a DMA transfer. A transfer requested before the D"
cleared to 0 by the DMAC is executed. When an interrupt by a transfer size error, a repea
end, or an extended repeat area overflow occurs, the DTE bit is cleared to 0 and the trans

Figure 7.14 shows an example of timing in burst mode.

Busoycle X cPu X cpu X pmac X pmac X omac X cpu X cru X
N
No CPU cycle generated

Figure7.14 Exampleof Timingin Burst Mode

755 Extended Repeat Area Function

The source and destination address sides can be specified as the extended repeat area. Th
of the address register repeat addresses within the area specified as the extended repeat at
example, to use a ring buffer as the transfer target, the contents of the address register shc
return to the start address of the buffer every time the contents reach the end address of tt
(overflow on the ring buffer address). This operation can automatically be performed usi
extended repeat area function of the DMAC.

The extended repeat areas can be specified independently to the source address register (]
and destination address register (DDAR).

The extended repeat area on the source address is specified by bits SARA4 to SARAO in
The extended repeat area on the destination address is specified by bits DARA4 to DAR/
DACR. The extended repeat area sizes for each side can be specified independently.
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When the area represented by the lower three bits of DSAR (eight bytes)
is specified as the extended repeat area (SARA4 to SARAO = B'00011)
External memory

: Area specified
H23FFFE by DSAR
H'23FFFF
H240000 | [H240000 ]~ Repeat
H'240001 H'240001
H'240002 H'240002
H'240003 H'240003
H'240004 H'240004
H'240005 H'240005
H'240006 H'240006
H240007 H240007 » An interrupt request by extended repeat area
H'240008 overﬂowL::Zn bgl.jg‘;ac':neryaliaed(.a P
H'240009

Figure7.15 Example of Extended Repeat Area Operation

When an interrupt by an extended repeat area overflow is used in block transfer mode, t
following should be taken into consideration.

When a transfer is stopped by an interrupt by an extended repeat area overflow, the add:
register must be set so that the block size is a power of 2 or the block size boundary is a
the extended repeat area boundary. When an overflow on the extended repeat area occur
transfer of one block, the interrupt by the overflow is suspended and the transfer overrur

Figure 7.16 shows examples when the extended repeat area function is used in block tra
mode.
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T T —— DbIOoCK transter

H'240008 continued

H'240009

Figure7.16 Example of Extended Repeat Area Function in Block Transfer M

75.6 Address Update Function using Offset

The source and destination addresses are updated by fixing, increment/decrement by 1, 2
offset addition. When the offset addition is selected, the offset specified by the offset reg;
(DOFR) is added to the address every time the DMAC transfers the data access size of dc
function realizes a data transfer where addresses are allocated to separated areas.

Figure 7.17 shows the address update method.

10 +1,2,0r4 ~
Q % + offset
)
< <
<
<
- B
<
<
< <
Address not Data access size Offset is added to address
updated added to or subtracted (addresses are not
from address (addresses continuous)
are continuous)
(a) Address fixed (b) Increkr)‘ne1nt20r defrement (c) Offset addition
y 1,2, 0r

Figure7.17 AddressUpdate Method
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SI1ZC.

The address is calculated by the offset set in DOFR and the contents of DSAR and DD/
Although the DMAC calculates only addition, an offset subtraction can be realized by s
negative value in DOFR. In this case, the negative value must be 2's complement.
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Offset J l"% l

AN

Data 3 Address A3
= Address A2 + Offset

Offset X [ —=

Transfer source: Offset addition
Transfer destination: Increment by 4 (longword)

Data 4 Address A4
= Address A3 + Offset

AN

Offset <

~ Data 5 Address A5
= Address A4 + Offset

—

Figure7.18 Operation of Offset Addition

In figure 7.18, the offset addition is selected as the transfer source address update and inc
decrement by 1, 2, or 4 is selected as the transfer destination address. The address update
that data at the address which is away from the previous transfer source address by the of
read from. The data read from the address away from the previous address is written to th
consecutive area in the destination side.
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Offset i gata 5) Address Data 5 ;j’ """"" Data 5 :l'_l/ Data 2
ata 9 initialized | Data 9 Address | Data 9 Data 3
Data13 | | . ___ Data 13 initialized | Data 13 | transfer source | | Data4 | J
Data 2 Data 2 N Data 2 aﬁg;esesdes Data 5
Data 6 Data 6 Data 6 ¢ Data 6
Offset 3 ["Data 10 Data 10 Data 10 | ¥ CFY Data 7
Data14 | | Data 14 Data 14 Data 8 J
Data 3 Data 3 I Data 3 Data 9
Offset Data 7 Data 7 Data 7 Data 10
Data 11 Data 11 Data 11 Data 11
Data15 | _ | _______ Data 15 Data 15 : Data 12 |
Data4 F——» Data4 | | _______ Data 4 ! Data 13
Data 8 Irr;tqedgus;?t Data8 |F— » Data 8 _, Data 14
Data 12 | generated [ _Data 12 ngedg%?‘ Data 12 F—— » Data 15
Data 16 Data16 | generated | Datalé 'rg‘qeljgusgt Y[ Data 16 | |
N T~ —~_) generated S,

Figure7.19 XY Conversion Operation Using Offset Addition in Repeat Transfe

In figure 7.19, the source address side is specified to the repeat area by DACR and the o
addition is selected. The offset value is set to 4 x data access size (when the data access
longword, H'00000010 is set in DOFR, as an example). The repeat size is set to 4 x data
size (when the data access size is longword, the repeat size is set to 4 x 4 = 16 bytes, as

example). The increment or decrement by 1, 2, or 4 is specified as the transfer destinatic
A repeat size end interrupt is requested when the repeat size of transfers is completed.

When a transfer starts, the transfer source address is added to the offset every time data
transferred. The transfer data is written to the destination continuous addresses. When d
transferred meaning that the repeat size of transfers is completed, the transfer source adc
returns to the transfer start address (address of data 1 on the transfer source) and a repea
interrupt is requested. While this interrupt stops the transfer temporarily, the contents of
written to the address of data 5 by the CPU (when the data access size is longword, writ
1 address + 4). When the DTE bit in DMDR is set to 1, the transfer is resumed from the
the transfer is stopped. Accordingly, operations are repeated and the transfer source dat:
transposed to the destination area (XY conversion).
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| Receives transfer request |
T

| Transfers data |

Decrements transfer count
and repeat size

N
Transfer count = 0?

Yes

N
Repeat size = 0?

Yes

| Initializes transfer source addressl
|

Generates repeat size end
interrupt request

|| Set transfer source address + 4 ||

(Longword transfer)

: User operation I:l : DMAC operation

Figure7.20 XY Conversion Flowchart Using Offset Addition in Repeat Transfer
(3) Offset Subtraction

When setting the negative value in DOFR, the offset value must be 2's complement. The
complement is obtained by the following formula.

2's complement of offset = 1 + ~offset (~: bit inversion)

Example: 2's complement of H'0001FFFF
= H'FFFE0000 + H'00000001
= H'FFFE0001

The value of 2's complement can be obtained by the NEG.L instruction.
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‘1he mcrement or decrement can be specitied oy bits SA L1 and SA1U 1 DACK. Wwhen
SATO = B'00, the address is fixed. When SAT1 and SATO = B'01, the address is added
offset. When SAT1 and SATO = B'10, the address is incremented. When SAT1 and SA’
the address is decremented. The size of increment or decrement depends on the data acc

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 a
= B'00, the data access size is byte and the address is incremented or decremented by 1.
DTSZ1 and DTSZO0 = B'01, the data access size is word and the address is incremented
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword a
address is incremented or decremented by 4. Even if the access data size of the source ai
word or longword, when the source address is not aligned with the word or longword bc
the read bus cycle is divided into byte or word cycles. While data of one word or one lo:
being read, the size of increment or decrement is changing according to the actual data ¢
for example, +1 or +2 for byte or word data. After one word or one longword of data is
address when the read cycle is started is incremented or decremented by the value accor
bits SAT1 and SATO.

In block or repeat transfer mode, when the block or repeat size of data transfers is comp
the block or repeat area is specified to the source address side, the source address return
transfer start address and is not affected by the address update.

When the extended repeat area is specified to the source address side, operation follows
setting. The upper address bits are fixed and is not affected by the address update.

While data is being transferred, DSAR must be accessed in longwords. If the upper wor
lower word are read separately, incorrect data may be read from since the contents of D.
during the transfer may be updated regardless of the access by the CPU. Moreover, DS/
channel being transferred must not be written to.
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= B'00, the data access size is byte and the address is incremented or decremented by 1. )
DTSZ1 and DTSZO0 = B'01, the data access size is word and the address is incremented o
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword an
address is incremented or decremented by 4. Even if the access data size of the destinatio
is word or longword, when the destination address is not aligned with the word or longwc
boundary, the write bus cycle is divided into byte and word cycles. While one word or on
longword of data is being written, the incrementing or decrementing size is changing acc
the actual data access size, for example, +1 or +2 for byte or word data. After the one wo
longword of data is written, the address when the write cycle is started is incremented or
decremented by the value according to bits SAT1 and SATO.

In block or repeat transfer mode, when the block or repeat size of data transfers is comple
the block or repeat area is specified to the destination address side, the destination addres
to the transfer start address and is not affected by the address update.

When the extended repeat area is specified to the destination address side, operation follc
setting. The upper address bits are fixed and is not affected by the address update.

While data is being transferred, DDAR must be accessed in longwords. If the upper word
lower word are read separately, incorrect data may be read from since the contents of DD
during the transfer may be updated regardless of the access by the CPU. Moreover, DDA
channel being transferred must not be written to.

Rev. 2.00 Jun. 28, 2007 Page 278 of 864
REJ09B0341-0200 RENESAS



When a conflict occurs between the address update by DMA transfer and write access b
the CPU has priority. When a conflict occurs between change from 1, 2, or 4 to 0 in DT
write access by the CPU (other than 0), the CPU has priority in writing to DTCR. Howe
transfer is stopped.

(4) DMA Block Size Register (DBSR)

DBSR is enabled in block or repeat transfer mode. Bits 31 to 16 in DBSR function as B
bits 15 to 0 in DBSR function as BKSZ. The BKSZH bits (16 bits) store the block size ¢
size and its value is not changed. The BKSZ bits (16 bits) function as a counter for the t
and repeat size and its value is decremented every transfer by 1. When the BKSZ value
change from 1 to 0 by a DMA transfer, O is not stored but the BKSZH value is loaded ir
BKSZ bits.

Since the upper 16 bits of DBSR are not updated, DBSR can be accessed in words.

DBSR for the channel being transferred must not be written to.
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e  When a transfer is stopped by an NMI interrupt
e When a transfer is stopped by and address error
e Reset state

e Hardware standby mode

e When a transfer is stopped by writing O to the DTE bit

Writing to the registers for the channels when the corresponding DTE bit is set to 1 is prc
(except for the DTE bit). When changing the register settings after writing O to the DTE t
confirm that the DTE bit has been cleared to 0.

Figure 7.21 show the procedure for changing the register settings for the channel being
transferred.

Changing register settings [1] Write O to the DTE bit in DMDR.
of channel during operation

| [2] Read the DTE bit.
| Write 0 to DTE bit |[1]

[38] Confirm that DTE = 0. DTE = 1
indicates that DMA is transferring.

[4] Write the desired values to the

| Read DTE bit |[2] registers.

3]

| Change register settings |[4]

End of changing
register settings

Figure7.21 Procedurefor Changing Register Setting For Channel being Trans
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bit is written to 0. The ACT bit retains 1 from writing O to the DTE bit to completion of
transfer.

(7) ERRF Bitin DMDR

When an address error or an NMI interrupt occur, the DMAC clears the DTE bits for all
channels to stop a transfer. In addition, it sets the ERRF bit in DMDR_0 to 1 to indicate
address error or an NMI interrupt has occurred regardless of whether or not the DMAC
operation.

(8) ESIF Bitin DMDR

When an interrupt by an transfer size error, a repeat size end, or an extended repeat area
is requested, the ESIF bit in DMDR is set to 1. When both the ESIF and ESIE bits are s
transfer escape interrupt is requested to the CPU or DTC.

The ESIF bit is set to 1 when the ACT bit in DMDR is cleared to 0 to stop a transfer aft
cycle of the interrupt source is completed.

The ESIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 7.8, Interrupt Sources.
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For details on interrupts, see section 7.8, Interrupt Sources.

75.8 Priority of Channels

The channels of the DMAC are given following priority levels: channel O > channel 1 >
channel 2 > channel3. Table 7.6 shows the priority levels among the DMAC channels.

Table7.6 Priority among DMAC Channels

Channel Pric
Channel 0 Hig
Channel 1
Channel 2
Channel 3 Low

The channel having highest priority other than the channel being transferred is selected w
transfer is requested from other channels. The selected channel starts the transfer after the
being transferred releases the bus. At this time, when a bus master other than the DMAC
the bus, the cycle for the bus master is inserted.

In a burst transfer or a block transfer, channels are not switched.
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Channel 1 ' N ' L\ TeuEpt Liedlctd ] H N ' H H
/: 'Request .Selected.\ - : ./ " T i :

: retained | : : ! / . : : :

[ ] 1 1 ' 1 : : : :

hannel 2 i ! ] ! . ' N\Request cleared! ' I
c /: \Request ; Not 'Request . ‘Selected ! % : .
, i ,

H H H

, iretained | selected retained : ' '
1 1 il 1 1 1 1

Figure7.22 Exampleof Timingfor Channel Priority

759 DMA Basic Bus Cycle

Figure 7.23 shows an examples of signal timing of a basic bus cycle. In figure 7.23, dat:
transferred in words from the 16-bit 2-state access space to the 8-bit 3-state access space
the bus mastership is passed from the DMAC to the CPU, data is read from the source a
it is written to the destination address. The bus is not released between the read and writ
by other bus requests. DMAC bus cycles follows the bus controller settings.

CPU cycle | DMAC cycle (one word transfer) |CPU C
> >
Ty Ty T Ty Ts T Ty Ty |
o [ LI LTI L LML L
| Source address Destination address

Address bus X X x ?X_

e N

[AWR  High

I I R S I

LLWR

Figure7.23 Exampleof Bus Timing of DMA Transfer
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DMAread , DMA write DMA read DMA write | , DMAread = DMAwr
cycle ' cycle . | cycle . cycle . I cycle ! cycle
- P i

Address bus X X X_:):X x X_‘j_x X

LHWR, LLWR t " («
, . L : P -
: by ; ) ;
TEND i A b
N : 1 1 ' ' 1
i i
' 1 1 1 ' ' \
! | [ '
Bus Bus Bus Last transf |
ast transter cycle
released released released

Figure7.24 Exampleof Transfer in Normal Transfer Mode by Cycle Stealil

In figures 7.25 and 7.26, the TEND signal output is enabled and data is transferred in lon
from the external 16-bit 2-state access space to the 16-bit 2-state access space in normal t
mode by cycle stealing.

In figure 7.25, the transfer source (DSAR) is not aligned with a longword boundary and t
transfer destination (DDAR) is aligned with a longword boundary.

In figure 7.26, the transfer source (DSAR) is aligned with a longword boundary and the t
destination (DDAR) is not aligned with a longword boundary.
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_. 1 1 | , !
Bus Bus Last transfer cycle

released released

m and

Figure7.25 Exampleof Transfer in Normal Transfer Mode by Cycle Steal
(Transfer Source DSAR = Odd Address and Sour ce Address | ncrement)

DMA word DMA word ~ DMA byte DMA word DMA byte DMA word DMA word ~ DMA byte DMA word [
1 read cycle | readcycle 1 write cycle , write cycle , write cycle 1 read cycle , readcycle , write cycle , write cycle
' ! h ' ' L

R

Address )\ 4m X 4m+2 Y 4n+5 X4n+6X4n+8x(:(: Q4m+4 X 4m+6)f4n+1 Y 4n+2 |-
bus | \ ! (e ! A

RD El Il E 0 (( E "
CHWR | I—‘—l I—‘-.e(‘ : : I_,—‘—
: : : : : | : : : :
TEND - — E 5 : . i : : : :
_>: E H , ! 'A__f '
Bus ' Bus Last transfer cycle
released released

m and n

Figure7.26 Exampleof Transfer in Normal Transfer Mode by Cycle Steal
(Transfer Destination DDAR = Odd Address and Destination Address Decrer
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) DMA read cycle 1DMA write cycle + DMA read cycle 1 DMA write cycle, DMA read cycle ) DMA write cy
- P P P
1 1 1 1 1 i

- Uy

Address bus X X X X ):Q X

! | 1 1 | .
HAWR, AFLWR  High ' ' ' | |
' , | H . :

LHWR, LLWR ! . | | . . | | . | |_[
! . | | . .
' : : . | =
TEND ' ! . | |
R | | | | :

' ' ' Last transfer cycle

Burst transfer

Figure7.27 Exampleof Transfer in Normal Transfer Mode by Bur st Acce:
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Bo

Address bus

-

]

°
5
@
28
ae
3
@
c
£
~
e}
o
o
°
@
K
@20
3
m =

Last block transfer cycle

Figure7.28 Exampleof Transfer in Block Transfer Mode
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This operation is repeated until the transfer is completed.

DMA
operation

Channel

[

[2][8]
[3]i6]

[41[7]

| H '
' | '
1 L 1 N : 1 J 1
Address bus | ' x >( Transfer sourc?XTranslev destinaticnx ' 8 x y Transfer sourceXI'ransfer destlnaﬂoa‘
|
: ' ;
'
"
'
'
'

DMAread  DMA write DMA read DMA write
Bus released ' cycle ! cycle 1+ Busreleased cycle ! cycle 1+ Bu
: - '<—>:<—

|
I

[ : - /

'
L

T ¢ s

H '
'

Wait

! "
)<Read write X Wait
R
v . :

. .
X Read write X Wait
/

I
I

I

' | '

1 Duration of transfer /' Requeé?\ Duration of transfer
i i

I I

| I

request disapled request disabled

@ [3] [4] 8 [6] [71

Transfer request enable resumed Transfer request enabl

After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a
request is held.

The DMAC is activated and the transfer request is cleared.

A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level ¢
DREQ signal.

When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sa

Figure7.29 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Falling Edge
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1-block transfer 1-block transfer

< > ) )
< > ! .
' DMA read DMA write |
, ,

' '
' il
1 DMAread DMA write |
! ! cycle ! cycle

cycle ! cycle E

Bus released Bus released

Bo I_I_FI_I_I_I_LJ_I_I_L |
brREQ  \

' [ - 7

Nl !
X Transfer sourcy ' X Transfer sourceXI’ ransfer destinaliobc
1 3] 1 1

'
) B R

DMA Wait! X Read X Write X Wait 1 KRead X Write X Wait

operation T s n

'
) !

o

(s

Address bus

><... _————

ransfer destination,
'

'
'

'

' ' '

! Duration of transfer '/Reque%\ Duration of transfer
:

'

'

Channel

request disapled ! ‘request disabled

Request
'
'
'
'

Min. of 3 cycles

!
Min. of 3 cycles ) ) '
— i

B e
H 1 H 1
nr 2 3] [41 8 6] [7]
Transfer request enable resumed Transfer request ena

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal anc
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high leve
DREQ signal.

[4][7]1 When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the wr
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the

Figure7.30 Exampleof Transfer in Block Transfer Mode Activated
by DREQ Falling Edge

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



D S

DMA read DMA write
Bus released ! cycle

. , DMA read DMA write
cycle ! Busreleased ' cycle

cycle E Bu

= gy L L L L

\ i

'
by by
T
'

[~

1 0]
Transfer Transfer Transfer Transfer
A ource ination /; L A ource ination 4
h

. N :
)<Read Write + X Wait o XReadX  Write X Wait
T N Ny T

~

Address bus

DMA :
operation _ Wait

! 1
I I H
| Duration of transfer 1 - Duration of transfer
Channel Request | _request diiarbled 1/ Request request disabled /_
L ! . - ; ! : !
b : : b ] : :
1 Min.of 3cycles ' + Min.of 3cycles ' '
1 1 N 1 1 N 1
i : | ~ > ' :
1 1 ! 1 1 B 1
n@ [3] 4 06 6] [71
Transfer request enable resumed Transfer request enabl

[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and :
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the s:

Figure7.31 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Low Level
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\ 1-block transfer

-

' 1-block transfer '
DMAread | DMA write !
cycle ! cycle '

0

'
DMA read DMA write
Bus released !

| |
| |
' ' cycle cycle

Bus released

'
) '
'
'

C : 7\

'
L
s e
'
'

'
'
' )

' R
i Transfer v Transfer ' Transfer \ Transfer

L b ource )X, destination X. L ) 4 ource X, destination X.
T T

Address bus

DMA = { ! '
operation Wait ! )<Read Write. X Wait Déead write X Wait

. o v "

: ! ; !

H Duration of transfer Duration of transfer E/.

Y request disabled request disabled y
Channel Request q i q

Min. of 3 cycles

J--mmmmmm

n @ [3] 4 [8] [6] [

T T

Transfer request enable resumed Transfer request enal

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal an
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3](6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the

Figure7.32 Exampleof Transfer in Block Transfer Mode Activated
by DREQ Low Level
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enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transf
request is cleared. Receiving the next transfer request resumes after completion of the wr
and then a low level of the DREQ signal is detected. This operation is repeated until the t
completed.

DMA read , DMA read , , DMA read \ DMA read \
Bus released I cycle cycle Bus released h cycle 1 cycle 1 Bl
B e o s e e B
i ' i ' ' '
\ ' ' ' . ' ' '
o LALLMy L oo
d | d d d d | d d 0
' H ' ' ' ' H ' ' '
' 1 ) Ry Ll Ll ! 1 R)Y RyaLl Ll 1
P ' n ¢ T T T 1 I} T T T
DREQ [ . . T\ [ T T T
i ' ' ' ' ' ' ' ' ' '
' H ' ' ' ' H ' ' '
—_——
Adress bus T X W T X W X W W X
v [l = I d T T i i T v
H ! ' ' Duration of transfer request ' \ Duration of t
! ' ! ! disabled which is extendled ' ' disabled wh
Ch | E \ Duration of transfer :b'y N.RD: . Duration of transfer :231
anne /Reques\ request disabled ! Request request disabled !
d | T T T d B T T T
b : : oo : : :
' ) ' ' ' ' ! ' ' '
! Min.of 3cycles ! ' ! 1 Min.of 3cycles ! \ |
——————— ' ' ———— 1 ' '
' i ' ' ' ' i ' ' '
' ' ' ' ' ' ! ' ' '
' H ' ' ' ' ' ' '
] [2] 13 [4] 18] 6]
Transfer request enable resumed Transfer request er

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sa

Figure 7.33 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Low Level with NRD =1
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DMA read DMA read DMA read DMA read
cycle cycle cycle cycle

Address bus X (;:X %;:X x::x x:

RO I o BN o IR

CC R N W o BN Lo NN o BN
] —

- -
Bus Bus Bus Bus Last transfer Bus
rel d rel d released released cycle released

Figure7.34 Exampleof Transfer in Single Address M ode (Byte Read)
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N aipiuipipixipipisinipin!
Address bus X X:{;:: % x x: iz % x E 3\ g * E

we LT

Bus Bus Bus Bus Last transfer Bus
released released released released cycle releas

Figure7.35 Example of Transfer in Single Address Mode (Byte Write)
(3) Activation Timing by DREQ Falling Edge
Figure 7.36 shows an example of single address mode activated by the DREQ signal falli

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal imm¢
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ s
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transf
request is cleared and starts detecting a high level of the DREQ signal for falling edge de
a high level of the DREQ signal has been detected until completion of the single cycle, re
the next transfer request resumes and then a low level of the DREQ signal is detected. Th
operation is repeated until the transfer is completed.
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opeialon ) A T T
j

, ' ' :

! ,

' Duration of transfer : )

; request disabled //Re uest:\
Channel . questy
[ (€ Lol s

Min. of 3 cycles

Duration of transfer
request disabled
)l

T
'

<

M [2] 3] [4] [5]

!

Transfer request
enable resumed

Min. of 3 cycles i
'

[6]

-
| o

Transfer reg
enable resL

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a

request is held.

[2][5] The DMAC is activated and the transfer request is cleared.
[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level

DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sa

Figure7.36 Exampleof Transfer in Single Address M ode Activated

by DREQ Falling Edge
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D S

Bus DMA single Bus DMA single Bus
released 1 cycle released ' cycle ireleas

»! >l
1= >l
'

o MU UL

DREQ T\ ] / I

g
[l
d
'
'

M) 2 2

T
' '
'
4 t H
'
'
Transfer source

Jransfer destination

'

U ]
1 I
| I

H '
Transfer source/
Transfer destination 4

| |
DMA - . :
operation Wait ><Slnlgle X Wait

Duration of transfer
request disabled
il A

i

'
'

ot

(T
' |
'
H |
'

) ' '
‘:><:Single Wait
T T

Duration of transfer

request disabled ' /
i
'
'
'
'

Channel

i o
'

Min. of 3 cycles Min. of 3 cycles

1l [2] [3] [4] 5] [6] [7]
Transfer request Transfer reques
enable resumed enable resumec

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a t
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sam

Figure7.37 Exampleof Transfer in Single Address M ode Activated
by DREQ Low Level
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enabled, a transfer request is held in the DMAC. When the DMAC is activated, the tran
request is cleared. Receiving the next transfer request resumes after one cycle of the trar
request duration inserted by NRD = 1 on completion of the single cycle and then a low |
DREQ signal is detected. This operation is repeated until the transfer is completed.

Bo

DREQ _\

Address bus

Channel

Duration of tranéfer request Duration of tranéfer request
disabled which is extended disabled which is extended

+ by NRD ' 1+ by NRD

Bus DMA single Bus DMA single Bus
' ' '
released ' cycle ' released ' cycle 1 released
; >t >t - > >t
ML J LI LML Ll
j ' ' | ' | ' i
' ' ' '
! )N P L ' L 0. N L !
T T ' T T T T
[ Y AN A
n s T T 0 T s e T H
! ' ' ' ' | ' '
H ' ' H ' | ' H
L 1 L ) 1
1 Transfer source/ ¥ 1 ' h Transfer source/ 1
Transfer destination © | ! 1/\Jransfer destination |, |
—‘—Q: T T 7 T
| '
| '
| '
| '
'

Duration of transfer  'g—pt Duration of transfer '
. i I 3 : i 1
/Hequest\ - request disabled o /Request\ ‘ request disabled 1 ‘./ \
, < L T ' : T 4 T

|
Mini. of 3cycles |

|

e S e — ]

1 [2] (3] [4] 6 [6] [71

T

Transfer request Transfer request
enable resumed enable resumed

'
1 ' 1 ' 1
1 L0 1 ' 1
' 1 Minuof 3 cycles ' ' '
1 1 1 ' 1
' ' ' '
: ' : ' | :

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.
[3][6] A DMA cycle is started.
[4][7] Transfer request enable is resumed one cycle after completion of the single cycle.

(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the s

Figure7.38 Exampleof Transfer in Single Address M ode Activated

by DREQ Low Level with NRD =1
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(2) Transfer End by Transfer Size Error Interrupt

When the following conditions are satisfied while the TSEIE bit in DMDR is setto 1, a t
size error occurs and a DMA transfer is terminated. At this time, the DTE bit in DMR is ¢
0 and the ESIF bit in DMDR is set to 1.

e In normal transfer mode and repeat transfer mode, when the next transfer is requested
transfer is disabled due to the DTCR value less than the data access size

e In block transfer mode, when the next transfer is requested while a transfer is disable
the DTCR value less than the block size

When the TSEIE bit in DMDR is cleared to 0, data is transferred until the DTCR value re
A transfer size error is not generated. Operation in each transfer mode is shown below.

e In normal transfer mode and repeat transfer mode, when the DTCR value is less than
access size, data is transferred in bytes

e In block transfer mode, when the DTCR value is less than the block size, the specifie
data in DTCR is transferred instead of transferring the block size of data. The transfer
performed in bytes.

(3) Transfer End by Repeat Size End Interrupt

In repeat transfer mode, when the next transfer is requested after completion of a 1-repea
transfer while the RPTIE bit in DACR is set to 1, a repeat size end interrupt is requested.
the interrupt is requested to complete DMA transfer, the DTE bit in DMDR is cleared to
ESIF bit in DMDR is set to 1. Under this condition, setting the DTE bit to 1 resumes the

In block transfer mode, when the next transfer is requested after completion of a 1-block
transfer, a repeat size end interrupt can be requested.
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e e

repeat area overflow interrupt unless the current transfer is complete.
(5) Transfer End by Clearing DTE Bit in DMDR

When the DTE bit in DMDR s cleared to 0 by the CPU, a transfer is completed after th
DMA cycle and a DMA cycle in which the transfer request is accepted are completed.

In block transfer mode, a DMA transfer is completed after 1-block data is transferred.
(6) Transfer End by NMI Interrupt

When an NMI interrupt is requested, the DTE bits for all the channels are cleared to 0 a
ERREF bit in DMDR_0 is set to 1. When an NMI interrupt is requested during a DMA tr
transfer is forced to stop. To perform DMA transfer after an NMI interrupt is requested,
ERREF bit to 0 and then set the DTE bits for the channels to 1.

The transfer end timings after an NMI interrupt is requested are shown below.

(a) Normal Transfer Mode and Repeat Transfer Mode

In dual address mode, a DMA transfer is completed after completion of the write cycle 1
transfer unit.

In single address mode, a DMA transfer is completed after completion of the bus cycle 1
transfer unit.

(b) Block Transfer Mode

A DMA transfer is forced to stop. Since a 1-block size of transfers is not completed, ope
not guaranteed.

In dual address mode, the write cycle corresponding to the read cycle is performed. This
to (a) in normal transfer mode.
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transfer is not guaranteed.

1.7 Relationship among DMAC and Other Bus Masters

7.7.1 CPU Priority Control Function Over DMAC

The CPU priority control function over DMAC can be used according to the CPU priorit;
register (CPUPCR) setting. For details, see section 5.7, CPU Priority Control Function O
and DMAC.

The priority level of the DMAC is specified by bits DMAP2 to DMAPO and can be speci
each channel.

The priority level of the CPU is specified by bits CPUP2 to CPUPO. The value of bits CP
CPUPO is updated according to the exception handling priority.

If the CPU priority control is enabled by the CPUPCE bit in CPUPCR, when the CPU ha
over the DMAGC, a transfer request for the corresponding channel is masked and the trans
activated. When another channel has priority over or the same as the CPU, a transfer requ
received regardless of the priority between channels and the transfer is activated.

The transfer request masked by the CPU priority control function is suspended. When the
channel is given priority over the CPU by changing priority levels of the CPU or channel
transfer request is received and the transfer is resumed. Writing O to the DTE bit clears th
suspended transfer request.

When the CPUPCE bit is cleared to 0, it is regarded as the lowest priority.
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a DMA transfer.

In block transfer mode and an auto request transfer by burst access, bus cycles of the D]
transfer are consecutively performed. For this duration, since the DMAC has priority ov
CPU and DTC, accesses to the external space is suspended (the IBCCS bit in the bus co
register 2 (BCR2) is cleared to 0).

When the bus is passed to another channel or an auto request transfer by cycle stealing,
of the DMAC and on-chip bus master are performed alternatively.

When the arbitration function among the DMAC and on-chip bus masters is enabled by
IBCCS bit in BCR2, the bus is used alternatively except the bus cycles which are not se
For details, see section 6, Bus Controller (BSC).

A conflict may occur between external space access of the DMAC and an external bus r
cycle. Even if a burst or block transfer is performed by the DMAC, the transfer is stopp
temporarily and a cycle of external bus release is inserted by the BSC according to the e
bus priority (when the CPU external access and the DTC external access do not have pr
a DMAC transfer, the transfers are not operated until the DMAC releases the bus).

In dual address mode, the DMAC releases the external bus after the external space write
Since the read and write cycles are not separated, the bus is not released.

An internal space (on-chip memory and internal I/O registers) access of the DMAC and
external bus release cycle may be performed at the same time.
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DMTEND2

Transfer end interrupt by channel 2 transfer counter

DMTENDS3

Transfer end interrupt by channel 3 transfer counter

DMEENDO

Interrupt by channel 0 transfer size error
Interrupt by channel O repeat size end
Interrupt by channel 0 extended repeat area overflow on source address

Interrupt by channel 0 extended repeat area overflow on destination address

DMEEND1

Interrupt by channel 1 transfer size error
Interrupt by channel 1 repeat size end
Interrupt by channel 1 extended repeat area overflow on source address

Interrupt by channel 1 extended repeat area overflow on destination address

DMEEND2

Interrupt by channel 2 transfer size error
Interrupt by channel 2 repeat size end
Interrupt by channel 2 extended repeat area overflow on source address

Interrupt by channel 2 extended repeat area overflow on destination address

DMEEND3

Interrupt by channel 3 transfer size error
Interrupt by channel 3 repeat size end
Interrupt by channel 3 extended repeat area overflow on source address

Interrupt by channel 3 extended repeat area overflow on destination address

Lc

Each interrupt is enabled or disabled by the DTIE and ESIE bits in DMDR for the corres;
channel. A DMTEND interrupt is generated by the combination of the DTIF and DTIE b
DMDR. A DMEEND interrupt is generated by the combination of the ESIF and ESIE bit
DMDR. The DMEEND interrupt sources are not distinguished. The priority among chan
decided by the interrupt controller and it is shown in table 7.7. For details, see section 5, |

Controller.
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ESIF bit in DMDR is set to 1. The ESIF bit is set to 1 when the conditions are satisfied |
transfer while the enable bit is set to 1.

A transfer size error interrupt is generated when the next transfer cannot be performed b
DTCR value is less than the data access size, meaning that the data access size of transf
be performed. In block transfer mode, the block size is compared with the DTCR value
transfer error decision.

A repeat size end interrupt is generated when the next transfer is requested after comple
repeat size of transfers in repeat transfer mode. Even when the repeat area is not specific
address register, the transfer can be stopped periodically according to the repeat size. At
when a transfer end interrupt by the transfer counter is generated, the ESIF bit is set to 1

An interrupt by an extended repeat area overflow on the source and destination addresse
generated when the address exceeds the extended repeat area (overflow). At this time, w
transfer end interrupt by the transfer counter, the ESIF bit is set to 1.

Figure 7.39 is a block diagram of interrupts and interrupt flags. To clear an interrupt, cle
DTIF or ESIF bit in DMDR to 0 in the interrupt handling routine or continue the transfe
setting the DTE bit in DMDR after setting the register. Figure 7.40 shows procedure to i
transfer by clearing a interrupt.
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Extended repeat area | )—>L/
overflow occurs in

destination address

Figure7.39 Interrupt and Interrupt Sources

handling routine

|
Consecutive transfer ) Transfer resumed after
DFOCGISSINQ interrupt handling routine
|
DTIF and ESIF bits are [4]
| cleared to 0

| DTE bit is set to 1 | 2] '
Interrupt handling routine | [5]

( Transfer end interrupt )

| Registers are specified | [1]

I
Interrupt handling routine 13] er|1ds
ends (RTE instruction 5
executed) | Registers are specified | (6]
|
o [7]
( Transfer resume ) DTE bit is set to 1
processing end

Transfer resume
processing end

[1] Specify the values in the registers such as transfer counter and address register.

[2] Setthe DTE bit in DMDR to 1 to resume DMA operation. Setting the DTE bit to 1 automatically clears the L
ESIF bit in DMDR to 0 and an interrupt source is cleared.

[8] End the interrupt handling routine by the RTE instruction.

[4] Read that the DTIF or the ESIF bit in DMDR = 1 and then write 0 to the bit.

[5] Complete the interrupt handling routine and clear the interrupt mask.

[6] Specify the values in the registers such as transfer counter and address register.

[7] Set the DTE bit to 1 to resume DMA operation.

Figure7.40 Procedure Example of Resuming Transfer by Clearing Interrupt S
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enters the module stop state. However, when a transfer for a channel is enabled or w
interrupt is being requested, bit MSTPA13 cannot be set to 1. Clear the DTE bit to 0
DTIF or DTIE bit in DMDR to 0, and then set bit MSTPA13.

When the clock is stopped, the DMAC registers cannot be accessed. However, the fc
register settings are valid in the module stop state. Disable them before entering the -
stop state, if necessary.

— TENDE bit in DMDR is 1 (the TEND signal output enabled)
— DACKE bit in DMDR is 1 (the DACK signal output enabled)

. Activation by DREQ Falling Edge
The DREQ falling edge detection is synchronized with the DMAC internal operatior

A. Activation request waiting state: Waiting for detecting the DREQ low level. A tr
2. is made.

B. Transfer waiting state: Waiting for a DMAC transfer. A transition to 3. is made.

C. Transfer prohibited state: Waiting for detecting the DREQ high level. A transitio
made.

After a DMAC transfer enabled, a transition to 1. is made. Therefore, the DREQ sig
sampled by low level detection at the first activation after a DMAC transfer enabled
. Acceptation of Activation Source

At the beginning of an activation source reception, a low level is detected regardless
setting of DREQ falling edge or low level detection. Therefore, if the DREQ signal i
low before setting DMDR, the low level is received as a transfer request.

When the DMAC is activated, clear the DREQ signal of the previous transfer.
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Three transfer modes
Normal/repeat/block transfer modes selectable
Transfer source and destination addresses can be selected from increment/decrement
Short address mode or full address mode selectable
— Short address mode
Transfer information is located on a 3-longword boundary

The transfer source and destination addresses can be specified by 24 bits to selec
Mbyte address space directly

— Full address mode
Transfer information is located on a 4-longword boundary

The transfer source and destination addresses can be specified by 32 bits to selec
Gbyte address space directly

Size of data for data transfer can be specified as byte, word, or longword

The bus cycle is divided if an odd address is specified for a word or longword transf
The bus cycle is divided if address 4n + 2 is specified for a longword transfer.

A CPU interrupt can be requested for the interrupt that activated the DTC

A CPU interrupt can be requested after one data transfer completion

A CPU interrupt can be requested after the specified data transfer completion

Read skip of the transfer information specifiable

Writeback skip executed for the fixed transfer source and destination addresses

Module stop function specifiable

Figure 8.1 shows a block diagram of the DTC. The DTC transfer information can be all
the data area®. When the transfer information is allocated to the on-chip RAM, a 32-bit
connects the DTC to the on-chip RAM, enabling 32-bit/1-state reading and writing of th
transfer information.
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External device
(memory mapped)
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y

Bus controller |- REQ

ACK

[Legend]

MRA, MRB: DTC mode registers A, B

SAR: DTC source address register
DAR: DTC destination address register
CRA, CRB: DTC transfer count registers A, B
DTCERA to DTCERH: DTC enable registers A to H
DTCCR: DTC control register

DTCVBR: DTC vector base register

Figure8.1 Block Diagram of DTC
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These six registers MRA, MRB, SAR, DAR, CRA, and CRB cannot be directly accesse
CPU. The contents of these registers are stored in the data area as transfer information.
DTC activation request occurs, the DTC reads a start address of transfer information the
in the data area according to the vector address, reads the transfer information, and trans
After the data transfer, it writes a set of updated transfer information back to the data ar

e DTC enable registers A to H (DTCERA to DTCERH)
e DTC control register (DTCCR)
e DTC vector base register (DTCVBR)
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DIt DIt NalTle valuc R/VV pvesCripuon
7 MD1 Undefined — DTC Mode 1 and 0
6 MDO Undefined — Specify DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited
5 Sz1 Undefined — DTC Data Transfer Size 1 and 0
Sz0 Undefined — Specify the size of data to be transferred.
00: Byte-size transfer
01: Word-size transfer
10: Longword-size transfer
11: Setting prohibited
SMA1 Undefined — Source Address Mode 1 and 0
2 SMO Undefined — Specify an SAR operation after a data transfer.

Ox: SAR is fixed
(SAR writeback is skipped)
10: SAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
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Bit

7

6

5

4 3 2 1

Bit Name CHNE

CHNS

DISEL DTS DM1 DMO —_

Initial Value Undefined  Undefined

Undefined Undefined Undefined Undefined Undefined |

R/W — — — — — — —
Initial

Bit Bit Name Value R/W Description

7 CHNE Undefined — DTC Chain Transfer Enable
Specifies the chain transfer. For details, see se
8.5.7, Chain Transfer. The chain transfer condi
selected by the CHNS bit.
0: Disables the chain transfer
1: Enables the chain transfer

6 CHNS Undefined — DTC Chain Transfer Select

Specifies the chain transfer condition. If the foll
transfer is a chain transfer, the completion chec
specified transfer count is not performed and a
source flag or DTCER is not cleared.

0: Chain transfer every time
1: Chain transfer only when transfer counter = |
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0: Specifies the destination as repeat or block ar
1: Specifies the source as repeat or block area

3 DM1 Undefined —
2 DMO Undefined —

Destination Address Mode 1 and 0
Specify a DAR operation after a data transfer.
0X: DAR is fixed
(DAR writeback is skipped)
10: DAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

1,0 — Undefined —

Reserved

The write value should always be 0.

[Legend]
X: Don't care
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SAR cannot be accessed directly from the CPU.

824 DTC Destination Address Register (DAR)

DAR is a 32-bit register that designates the destination address of data to be transferred
DTC.

In full address mode, 32 bits of DAR are valid. In short address mode, the lower 24 bits
valid and bits 31 to 24 are ignored. At this time, the upper eight bits are filled with the v
bit 23.

If a word or longword access is performed while an odd address is specified in DAR or
longword access is performed while address 4n + 2 is specified in DAR, the bus cycle is
into multiple cycles to transfer data. For details, see section 8.5.1, Bus Cycle Division.

DAR cannot be accessed directly from the CPU.

8.25 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by

In normal transfer mode, CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time data is transferred, and bit DTCEn (n = 15 to 0) correspon
activation source is cleared and then an interrupt is requested to the CPU when the coun
H'0000. The transfer count is 1 when CRA = H'0001, 65,535 when CRA = H'FFFF, and
when CRA = H'0000.
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count reaches H'00. The block size 1s 1 byte (word or longword) when CRAH = CRAL =
255 bytes (words or longwords) when CRAH = CRAL = H'FF, and 256 bytes (words or
longwords) when CRAH = CRAL =H'00.

CRA cannot be accessed directly from the CPU.

8.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by tt
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decreme
every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the activatio
is cleared and then an interrupt is requested to the CPU when the count reaches H'0000. ]
transfer count is 1 when CRB = H'0001, 65,535 when CRB = H'FFFF, and 65,536 when |
H'0000.

CRB is not available in normal and repeat modes and cannot be accessed directly by the ¢
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R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1

Bit Name DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCEH1

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

15 DTCE15 0 R/W DTC Activation Enable 15 to 0
14 DTCE14 0 R/W Setting this bit to 1 specifies a relevant interrup
a DTC activation source.
13 DTCE13 0 R/W [Clearing conditions]
12 DTCE12 0 R/W o When writing 0 to the bit to be cleared after
11 DTCE11 0 R/W e When the DISEL bit is 1 and the data trans
10 DTCE10 0 R/W w:edth e vanstore
. en the specified number of transfers hay
9 DTCES 0 RIW These bits are Eot cleared when the DISEL bit |
8 DTCE8 0 R/W  the specified number of transfers have not ends
7 DTCE?7 0 R/W
6 DTCE®6 0 R/W
5 DTCE5 0 R/W
4 DTCE4 0 R/W
3 DTCES3 0 R/W
2 DTCE2 0 R/W
1 DTCE1 0 R/W
0 DTCEO 0 R/W
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Bit Bit Name

Initial
Value

R/W

Description

7t05 —

AllO

R/W

Reserved

These bits are always read as 0. The write value
always be 0.

4 RRS

R/W

DTC Transfer Information Read Skip Enable

Controls the vector address read and transfer in
read. A DTC vector number is always compared
vector number for the previous activation. If the 1
numbers match and this bit is set to 1, the DTC «
transfer is started without reading a vector addre
transfer information. If the previous DTC activati
chain transfer, the vector address read and tran:
information read are always performed.

0: Transfer read skip is not performed.

1: Transfer read skip is performed when the vec
numbers match.

3 RCHNE

0

R/W

Chain Transfer Enable After DTC Repeat Transf

Enables/disables the chain transfer while transfe
(CRAL) is 0 in repeat transfer mode.

In repeat transfer mode, the CRAH value is writt
CRAL when CRAL is 0. Accordingly, chain trans
not occur when CRAL is 0. If this bit is set to 1, t
transfer is enabled when CRAH is written to CR/

0: Disables the chain transfer after repeat transf

1: Enables the chain transfer after repeat transfe

AllO

Reserved
These are read-only bits and cannot be modifiec
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Note: = 0Unly U Can De written 10 Clear tnis tiag.

8.29 DTC Vector Base Register (DTCVBR)

DTCVBR is a 32-bit register that specifies the base address for vector table address calc
Bits 31 to 28 and bits 11 to O are fixed 0 and cannot be written to. The initial value of D

H'00000000.
Bit 31 3 20 28 27 26 25 24 23 22 21 20 19 18
eevame | | ] ] ] | F F f P [ [ T ] ]
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R RW RW RW RW RW RW RW RW RW RW R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
eeveme | | ] | | | F F f F [ [ [ ] ]
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW R R R R R R R R R R

RENESAS
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L00dLC UIC Udalldicl 1H1101N11auvll 111 uic Uddid aiCd. 1110 dStall aUulcss U1 ualidpicl 1111o1i11auiovll
located at the address that is a multiple of four (4n). Otherwise, the lower two bits are ign
during access ([1:0] = B'00.) Transfer information can be located in either short address r
(three longwords) or full address mode (four longwords). The DTCMD bit in SYSCR spe
either short address mode (DTCMD = 1) or full address mode (DTCMD = 0). For details
section 3.2.2, System Control Register (SYSCR). Transfer information located in the dat:
shown in figure 8.2

The DTC reads the start address of transfer information from the vector table according t
activation source, and then reads the transfer information from the start address. Figure 8
correspondences between the DTC vector address and transfer information.

Transfer information
in short address mode

/X/
Lower addresses
Start —
addres§ 0 1] 2] 83
MRA SAR
Chain | MRB DAR
transfer CRA | CRB
MRA SAR
MRB DAR
CRA | CRB
- 4 bytes >~

Transfer information
for one transfer
(3 longwords)

Transfer information
for the 2nd transfer
in chain transfer

(3 longwords)

Transfer information
in full address mode

/X/

Lower addresses
r—%
0 1 2 | 38

Start
addres;s:

Reserved
MRA |MRB (0 write)
SAR

Chain DAR

transfer

CRA CRB

L

Reserved
(0 write)

MRA|MRB

SAR

DAR

CRA | CRB

< >

4 bytes

/X/

Transfer

| information
for one trans
(4 longwords

Transfer

information
for the 2nd
L
transfer
in chain tran:

(4 longwords

Figure8.2 Transfer Information on Data Area
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4 bytes
- —
| Transfer information (n)

/X/

Figure8.3 Correspondence between DTC Vector Addressand Transfer Infor
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IRQ5 69 H'514 DTCEA10
IRQ6 70 H'518 DTCEA9
IRQ7 71 H'51C DTCEAS8
IRQ8 72 H'520 DTCEA7
IRQ9 73 H'524 DTCEA6
IRQ10 74 H'528 DTCEAS5
IRQ11 75 H'52C DTCEA4
A/D ADI 86 H'558 DTCEB15
TPU_O TGIOA 88 H'560 DTCEB13
TGIOB 89 H'564 DTCEB12
TGIOC 90 H'568 DTCEB11
TGIOD 91 H'56C DTCEB10
TPU_1 TGHA 93 H'574 DTCEB9
TGI1B 94 H'578 DTCEBS8
TPU_2 TGI2A 97 H'584 DTCEB7
TGI2B 98 H'588 DTCEB6
TPU_3 TGI3A 101 H'594 DTCEBS5
TGI3B 102 H'598 DTCEB4
TGI3C 103 H'59C DTCEB3
TGI3D 104 H'5A0 DTCEB2
TPU_4 TGI4A 106 H'5A8 DTCEB1
TGl4B 107 H'5AC DTCEBO
TPU_5 TGI5A 110 H'5B8 DTCEC15
TGI5B 111 H'5BC DTCEC14 L«
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DINIAU DV ENDU 1o oLV pioeLo
DMTEND1 129 H'604 DTCEC4
DMTEND2 130 H'608 DTCEC3
DMTEND3 131 H'60C DTCEC2
DMAC DMEENDO 136 H'620 DTCED13
DMEEND1 137 H'624 DTCED12
DMEEND2 138 H'628 DTCED11
DMEEND3 139 H'62C DTCED10
SCI_0 RXI0 145 H'644 DTCEDS5
TXIO 146 H'648 DTCED4
SCI_1 RXI1 149 H'654 DTCED3
XN 150 H'658 DTCED2
SCI_2 RXI2 153 H'664 DTCED1
TXI2 154 H'668 DTCEDO
SCI_4 RXl14 161 H'684 DTCEE13
TXI4 162 H'688 DTCEE12 |
Note: * The DTCE bits with no corresponding interrupt are reserved, and the write va

always be 0. To leave software standby mode or all-module-clock-stop mode

interrupt, write 0 to the corresponding DTCE bit.

RENESAS
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Table 8.2 shows the DTC transfer modes.

Table8.2 DTC Transfer Modes

Transfer  Size of Data Transferred at Memory Address Increment or Ti

Mode One Transfer Request Decrement C

Normal 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1
or fixed

Repeat*' 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1
or fixed

Block** Block size specified by CRAH (1 Incremented/decremented by 1, 2, or 4, 1
to 256 bytes/words/longwords)  or fixed

Notes: 1. Either source or destination is specified to repeat area.
2. Either source or destination is specified to block area.

3. After transfer of the specified transfer count, initial state is recovered to contint
operation.

Setting the CHNE bit in MRB to 1 makes it possible to perform a number of transfers wi
single activation (chain transfer). Setting the CHNS bit in MRB to 1 can also be made to
chain transfer performed only when the transfer counter value is 0.

Figure 8.4 shows a flowchart of DTC operation, and table 8.3 summarizes the chain trans
conditions (combinations for performing the second and third transfers are omitted).
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| Transfer data |

.

| Update transfer |
information

\

| Write transfer information |

of transfer

Update the start address

information

ransfer counter = 0

or DISEL =1 Yes

No

Transfer counter = 0

v

| Clear activation |
source flag

/
Clear DTCER/request an interrupt

to the CPU

\
End

Figure8.4 Flowchart of DTC Operation
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1 1 U NOt U — — — ENGS at Isttrar

1 1 — 0* 0 — 0 Not 0 Ends at 2nd tra
0 — 0 0% Ends at 2nd tra
0 — 1 Interrupt reque:
1 1 1 Not 0 — — — — Ends at 1st trar

Interrupt reque:

Notes: 1. CRA in normal mode transfer, CRAL in repeat transfer mode, or CRB in block
mode

2. When the contents of the CRAH is written to the CRAL in repeat transfer mode

851 Bus Cycle Division

When the transfer data size is word and the SAR and DAR values are not a multiple of 2,
cycle is divided and the transfer data is read from or written to in bytes. Similarly, when
transfer data size is longword and the SAR and DAR values are not a multiple of 4, the b
is divided and the transfer data is read from or written to in words.

Table 8.4 shows the relationship among, SAR, DAR, transfer data size, bus cycle divisio
access data size. Figure 8.5 shows the bus cycle division example.

Table8.4 Number of Bus Cycle Divisionsand Access Size

Specified Data Size

SAR and DAR Values Byte (B) Word (W) Longword (L)
Address 4n 1(B) 1(W) 1 (LW)
Address 2n + 1 1 (B) 2 (B-B) 3 (B-W-B)
Address 4n + 2 1(B) 1(W) 2 (W-W)
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[Example 2: When an odd address and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specifie

Clock

DTC activatiol
DTC request

Transfer information
Twrite !

Data transfer
'
'
'

Address

[Example 3: When address 4n + 2 and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specifie

Clock

DTC activatiol
DTC request

Address

Figure8.5 BusCycleDivison Example
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cleared to 0, the stored vector number is deleted, and the updated vector table and transfe

information are read at the next activation.

Clock

s

2 . Sa

= - [}
g7 8% §
2z sS% 3
e FEQ <

Transfer inforn

Data
transfer

Transfer information

Transfer information  Data

Vector read

write

transfer write

read

Note: Transfer information read is skipped when the activation sources of (1) and (2) (vector numbers) are the same while RRS = 1.

Figure8.6 Transfer Information Read Skip Timing
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SM1 DM1 SAR DAR

0 0 Skipped Skipped

0 1 Skipped Written back
1 0 Written back Skipped

1 1 Written back Written back
854 Normal Transfer Mode

In normal transfer mode, one operation transfers one byte, one word, or one longword o
From 1 to 65,536 transfers can be specified. The transfer source and destination address
specified as incremented, decremented, or fixed. When the specified number of transfer:
interrupt can be requested to the CPU.

Table 8.6 lists the register function in normal transfer mode. Figure 8.7 shows the memc
normal transfer mode.

Table8.6 Register Function in Normal Transfer Mode

Register Function Written Back Value

SAR Source address Incremented/decremented/fix
DAR Destination address Incremented/decremented/fix
CRA Transfer count A CRA -1

CRB Transfer count B Not updated

Note: * Transfer information writeback is skipped.
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— ) L

Figure8.7 Memory Map in Normal Transfer Mode

855 Repeat Transfer Mode

In repeat transfer mode, one operation transfers one byte, one word, or one longword of ¢
the DTS bit in MRB, either the source or destination can be specified as a repeat area. Fr
256 transfers can be specified. When the specified number of transfers ends, the transfer
and address register specified as the repeat area is restored to the initial state, and transfer
repeated. The other address register is then incremented, decremented, or left fixed. In re
transfer mode, the transfer counter (CRAL) is updated to the value specified in CRAH wi
CRAL becomes H'00. Thus the transfer counter value does not reach H'00, and therefore
interrupt cannot be requested when DISEL = 0.

Table 8.7 lists the register function in repeat transfer mode. Figure 8.8 shows the memory
repeat transfer mode.
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URAMR Iransfer count URAR URAR

storage
CRAL Transfer count A CRAL -1 CRAH
CRB Transfer count B Not updated Not updated

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
(specified as repeat area)
By
SAR—» <— DAR
Transfer
\/
/\/ /\/ Y

Figure8.8 Memory Map in Repeat Transfer Mode
(When Transfer Source is Specified as Repeat Area)
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Table 8.8 lists the register function in block transfer mode. Figure 8.9 shows the memory
block transfer mode.

Table8.8 Register Function in Block Transfer Mode

Register Function Written Back Value

SAR Source address DTS =0: Incremented/decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address DTS = 0: DAR initial value
DTS =1: Incremented/decremented/fixed*

CRAH Block size storage CRAH

CRAL Block size counter CRAH

CRB Block transfer counter CRB -1

Note: * Transfer information writeback is skipped.
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Figure89 Memory Map in Block Transfer Mode
(When Transfer Destination is Specified as Block Area)

85.7 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. Setting the CHNE and CHNS bits
set to 1 enables a chain transfer only when the transfer counter reaches 0. SAR, DAR, C
MRA, and MRB, which define data transfers, can be set independently. Figure 8.10 sho
chain transfer operation.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not genera
end of the specified number of transfers or by setting the DISEL bit to 1, and the interru
flag for the activation source and DTCER are not affected.

In repeat transfer mode, setting the RCHNE bit in DTCCR and the CHNE and CHNS b;
to 1 enables a chain transfer after transfer with transfer counter = 1 has been completed.
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fativiel nnuviiauywit

CHNE =0

Transfer source

[Transfer destinati

/_\

Figure8.10 Operation of Chain Transfer
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Transfer
information
write

Transfer
information
read

Address

Figure8.11 DTC Operation Timing

(Example of Short Address Mode in Normal Transfer Mode or Repeat Transfer

Clock

Transfel

Data transfer

information
write

Transfer
information
read

DTC activatiol
request
Address

Figure8.12 DTC Operation Timing

(Example of Short AddressModein Block Transfer Mode with Block Size
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Figure8.13 DTC Operation Timing (Example of Short AddressModein Chain T

Clock |||||||||||||||||||||||||||||||||||||||||

Il I | I I I I | I I I I | I | Il | | | | Il
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' | | | | | | | | | I | | | | | | | | | |
' T T T T T T T T T T T T T T T T T T T
DTC activation 1 1 1 1 1 1 1 1 1 A 1 1 1 1 1 1 1 1 1 1
T T T O O S T R
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' L L L L L L L L L L L L . ' ' ' ' ' '
DTC request !/ T !\ R R
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' T T T T
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' '
' ' ' '
Address ' ' ' ' ' ' ' ' '
' ' '
' ' ' ' ' ' ' ' '
' ' ' ' '
' ' ' ' ' ' ' ' '
' ' . | Vectorread | Transferinformation | Data Transfer information . ' ' ' '
' ' ' ' ' ' ' ' read ! ' transfer ! write ! ' ' ' ' ' '
' ' ' ' ? ' ' S ' ' ' ' ' '
' ' '

Figure8.14 DTC Operation Timing
(Example of Full AddressModein Normal Transfer Mode or Repeat Transfer N
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INUITTHal ! v T v v v < LI v < 1 v < !

Repeat 1 0%'  4¥® 3 ¥ 3 2%t ¥ 3 ¥ 4 3 2% 1

Block 1 0+ 4#® 37 01 37 2 157 3ePH® 2ePx’ {eP 3eP#® 2ePx’ {eP
transfer

[Legend]

P: Block size (CRAH and CRAL value)

Note: 1. When transfer information read is skipped

2. In full address mode operation

3. In short address mode operation

4. When the SAR or DAR is in fixed mode

5. When the SAR and DAR are in fixed mode

6. When a longword is transferred while an odd address is specified in the addr:
register

7. When a word is transferred while an odd address is specified in the address |
when a longword is transferred while address 4n + 2 is specified
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Dyto Udla 1vald v I 1 = = = = AL R} =

Word data read S, 1 1 4 2 2 4 4 +2m 2
Longword data read S, 1 1 8 4 2 8 12 +4m 4
Byte data write S, 1 1 2 2 2 2 3+m 2
Word data write S, 1 1 4 2 2 4 4 +2m 2
Longword data write S,, 1 1 8 4 2 8 12 + 4m 4
Internal operation S, 1

[Legend]

m: Number of wait cycles 0 to 7 (For details, see section 6, Bus Controller (BSC).)

The number of execution cycles is calculated from the formula below. Note that ¥ means
of all transfers activated by one activation event (the number in which the CHNE bit is se
plus 1).

Number of execution cycles=1¢S +X (J*S,+KeS, +LS +Me+S)+N-.

85.10 DTC BusReéease Timing

The DTC requests the bus mastership to the bus arbiter when an activation request occurs
DTC releases the bus after a vector read, transfer information read, a single data transfer,
transfer information writeback. The DTC does not release the bus during transfer informe
read, single data transfer, or transfer information writeback.

8511 DTC Priority Level Control tothe CPU

The priority of the DTC activation sources over the CPU can be controlled by the CPU p:
level specified by bits CPUP2 to CPUPQ in CPUPCR and the DTC priority level specifie
DTCP2 to DTCPO. For details, see section 5, Interrupt Controller.
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I winAa, vyno)

= |

Set starts address of transfer 3
information in DTC vector table| [3]

s
Set RRS bitin DTCCRto 1 | [4]

1
Set corresponding bit in
DTCER to 1 (5l

Set enable bit of interrupt
request for activation source | [6]
to1

( Interrupt request generated )

( DTC activated )

Clear
activation
source

(7]

Determine
clearing method of
activation source

Clear corresponding
bit in DTCER

Corresponding bit in DTCER
cleared or CPU interrupt
requested

( Transfer end )

3

[4

[5

[6

[71

information, see section 8.2, Register Descriptions. F
on location of transfer information, see section 8.4, Lc
Transfer Information and DTC Vector Table.

Set the start address of the transfer information in the
vector table. For details on setting DTC vector table, s
8.4, Location of Transfer Information and DTC Vector!

Setting the RRS bit to 1 performs a read skip of secol
later transfer information when the DTC is activated c
tively by the same interrupt source. Setting the RRS k
always allowed. However, the value set during transfe
valid from the next transfer.

Set the bit in DTCER corresponding to the DTC activ:
interrupt source to 1. For the correspondence of inter!
DTCER, refer to table 8.1. The bit in DTCER may be ¢
the second or later transfer. In this case, setting the b|
needed.

Set the enable bits for the interrupt sources to be use
activation sources to 1. The DTC is activated when ar
used as an activation source is generated. For details
settings of the interrupt enable bits, see the correspor
descriptions of the corresponding module.

After the end of one data transfer, the DTC clears the
source flag or clears the corresponding bit in DTCER
requests an interrupt to the CPU. The operation after
depends on the transfer information. For details, see :
8.2, Register Descriptions and figure 8.4.

Figure8.15 DTC with Interrupt Activation
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2. Set the start address of the transfer information for an RXI interrupt at the DTC vecto

3. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the
end (RXI) interrupt. Since the generation of a receive error during the SCI reception c
will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is set
RXT interrupt is generated, and the DTC is activated. The receive data is transferred f
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDRF flag
automatically cleared to 0.

6. When CRA becomes 0 after the 128 data transfers have ended, the RDREF flag is held
DTCE bit is cleared to 0, and an RXT interrupt request is sent to the CPU. Terminatio
processing should be performed in the interrupt handling routine.
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A

MDO = 1), and word size (Sz1 =0, Sz0 = 1). Set the source side as a repeat area (D]
Set MRB to chain transfer mode (CHNE = 1, CHNS = 0, DISEL = 0). Set the data t:
address in SAR, the NDRH address in DAR, and the data table size in CRAH and C
CRB can be set to any value.

Perform settings for transfer to the TPU's TGR. Set MRA to source address increme
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (M
=0), and word size (Sz1 =0, Sz0 = 1). Set the data table start address in SAR, the T
address in DAR, and the data table size in CRA. CRB can be set to any value.
Locate the TPU transfer information consecutively after the NDR transfer informati
Set the start address of the NDR transfer information to the DTC vector address.

Set the bit corresponding to the TGIA interrupt in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable th
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bits in L
NDER for which output is to be performed to 1. Using PCR, select the TPU compar
be used as the output trigger.

Set the CST bit in TSTR to 1, and start the TCNT count operation.

9. Each time a TGRA compare match occurs, the next output value is transferred to NI

set value of the next output trigger period is transferred to TGRA. The activation sot
flag is cleared.

10. When the specified number of transfers are completed (the TPU transfer CRA value

TGFA flag is held at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is
CPU. Termination processing should be performed in the interrupt handling routine.
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2. Prepare the upper 8-bit addresses of the start addresses for 65,536-transfer units for th
data transfer in a separate area (in ROM, etc.). For example, if the input buffer is conf
addresses H'200000 to H21FFFF, prepare H21 and H'20.

3. For the second transfer, set repeat transfer mode (with the source side as the repeat ar
setting the transfer destination address for the first data transfer. Use the upper eight t
DAR in the first transfer information area as the transfer destination. Set CHNE = DI
If the above input buffer is specified as H200000 to H'21FFFF, set the transfer count:

4. Execute the first data transfer 65536 times by means of interrupts. When the transfer
for the first data transfer reaches 0, the second data transfer is started. Set the upper ei
of the transfer source address for the first data transfer to H21. The lower 16 bits of tl
transfer destination address of the first data transfer and the transfer counter are H'00(

5. Next, execute the first data transfer the 65536 times specified for the first data transfe
means of interrupts. When the transfer counter for the first data transfer reaches 0, the
data transfer is started. Set the upper eight bits of the transfer source address for the fi
transfer to H'20. The lower 16 bits of the transfer destination address of the first data
and the transfer counter are H'0000.

6. Steps 4 and 5 are repeated endlessly. As repeat mode is specified for the second data
no interrupt request is sent to the CPU.
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I/‘\_/l Upper 8 bits of DAR D

/_\/

Figure8.16 Chain Transfer when Counter =0

8.8 Interrupt Sources

An interrupt request is issued to the CPU when the DTC finishes the specified number c
transfers or a data transfer for which the DISEL bit was set to 1. In the case of interrupt
the interrupt set as the activation source is generated. These interrupts to the CPU are su
CPU mask level and priority level control in the interrupt controller.
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Transfer information can be located in on-chip RAM. In this case, the RAME bit in SY S
not be cleared to 0.

8.9.3 DMAC Transfer End Interrupt

When the DTC is activated by a DMAC transfer end interrupt, the DTE bit of DMDR is 1
controlled by the DTC but its value is modified with the write data regardless of the trans
counter value and DISEL bit setting. Accordingly, even if the DTC transfer counter value
becomes 0, no interrupt request may be sent to the CPU in some cases.

894 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all i
are disabled, multiple activation sources can be set at one time (only at the initial setting)
writing data after executing a dummy read on the relevant register.

8.9.5 Chain Transfer

When chain transfer is used, clearing of the activation source or DTCER is performed wt
last of the chain of data transfers is executed. SCI and A/D converter interrupt/activation
are cleared when the DTC reads from or writes to the relevant register.

Therefore, when the DTC is activated by an interrupt or activation source, if a read/write
relevant register is not included in the last chained data transfer, the interrupt or activatios
will be retained.
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modifying the DTC transfer information in the CPU exception handling routine initiatec
transfer end interrupt.

8.9.8 Endian Format

The DTC supports big and little endian formats. The endian formats used when transfer
information is written to and when transfer information is read from by the DTC must b
same.
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Ports 2 and F include an open-drain control register (ODR) that controls on/off of the ot
buffer PMOSs.

All of the I/O ports can drive a single TTL load and capacitive loads up to 30 pF.
All of the I/O ports can drive Darlington transistors when functioning as output ports.

Ports 2 and 3 are Schmitt-trigger inputs. Schmitt-trigger inputs for other ports are enable
used as the IRQ, TPU, or TMR inputs.
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4 P14 DREQI-A/ — RQ4-A,

RQ4-A/ TCLKA-B
TCLKA-B

3 P13 ADTRGO/ — IRQ3-A
RQ3-A

2 P12/SCK2  IRQ2-A DACKO-A IRQ2-A

1 P11 RxD2/ TENDO-A IRQ1-A
IRQ1-A

0 P10 DREQO-A/  TxD2 TRQO-A
IRQO-A
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P24/ TIOCA4/ PO4 P24,
TIOCB4/ TMRI1 TIOCB4,
SCK1 TIOCA4,
TMRH
P23/ IRQ11-A/ PO3 All input
TIOCD3 TIOCC3 functions
P22/ IRQ10-A PO2/TMOO0/ All input
TIOCC3 TxDO functions
P21/ TMCIO/ PO1 P21,
TIOCA3 RxDO IRQ9-A,
IRQ9-A TIOCAS3,
TMCIO
P20/ TIOCA3/ POO P20,
TIOCB3/ TMRIO/ IRQ8-A,
SCKO IRQ8-A TIOCBS,
TIOCAS3,
TMRIO

RENESAS
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TI0CA1 TEND1-B functions
3 P33/ TIOCCO/ PO11 All input
TIOCDO TCLKB-A functions
DREQ1-B
2 P32/ TCLKA-A PO10/ All input
TIOCCO DACKO-B functions
1 P31/ TIOCAO POY/ All input
TIOCBO TENDO-B functions
0 P30/ DREQO-B  PO8 All input
TIOCAO functions
Port 5 General input port 7 — P57/AN7 DA1 IRQ7-B
also functioning IRQ7-B
as A/D converter — P56/AN6  DAO IRQ6-B
inputs and D/A iRO6-B
converter outputs
5 — P55/AN5 — IRQ5-B
IRQ5-B
4 — P54/AN4 — IRQ4-B
IRQ4-B
3 — P53/AN3 — IRQ3-B
IRQ3-B
2 — P52/AN2 — IRQ2-B
IRQ2-B
1 — P51/AN1 — IRQ1-B
IRQ1-B
0 — P50/ANO — IRQO-B
IRQO-B
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IRQ11-B

2 P62/SCK4 IRQ10-B T™O2/ IRQ10-B
DACK2
1 P61 TMCI2/ TEND2 TMCI2,
RxD4/ IRQ9-B
IRQ9-B
0 P60 TMRI2/ TxD4 TMRI2,
DREQ2/ IRQ8-B
IRQ8-B
Port A General I/O port 7 — PA7 B¢ — —
also functioning 6 PAG — AS/AH
as system clock BSB
output and bus —
control I/0s 5 PAS — RD
4 PA4 — LHWR/LUB
3 PA3 — LLWR/LLB
2 PA2 BREQ/ —
WAIT
1 PA1 — BACK/
(RD/WR)
0 PAO — BREQO/
BS-A
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-4 rbc — COoco-A/
CS6-A
1 PB1 — CS1/
CS2-B/
CS5-A/
CS6-B/
CS7-B
0 PBO — CS0/CS4/
CS5-B
Port D General I/O port 7 PD7 — A7
also functioning 6 PD6 _ A6
as address
outputs 5 PD5 — A5
4 PD4 — A4
3 PD3 — A3
2 PD2 — A2
1 PD1 — A1
0 PDO — A0
Port E General /O port 7 PE7 — A15
also functioning 6 PE6 — A4
as address
Outputs 5 PE5 —_— A1 3
4  PE4 — A12
3 PE3 — A1
2 PE2 — A10
1 PEA1 — A9
0 PEO — A8
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PF1

A17

PFO

A16

Port H General I/O port
also functioning
as bi-directional
data bus

PH7/D7%*

PH6/D6*

PH5/D5*

PH4/D4**

PH3/D3*

NW|Ar|lO|O|N| O

PH2/D2#*

PH1/D1%

PHO/DO**

Port| General I/O port
also functioning
as bi-directional
data bus

P17/D15%

Pl6/D14%

PI5/D13*

Pl4/D12%

PI3/D11%

N W|| OO | N| O

PI2/D10*

1

PI1/D9**

0

Pl0/D8**

Notes: 1. Pins without Schmitt-trigger input buffer have CMOS input buffer.
2. Addresses are also output when accessing to the address/data multiplexed I/

RENESAS

Rev. 2.00 Jun. 28, 2007 Pag
REJOS



C
C

Port 5
Port 6%
Port A
Port B**
Port D
Port E
Port F
Port H
Port |
[Legend]
O: Register exists

—: No register exists
Notes: 1. The lower six bits are valid and the upper two bits are reserved. The write valu
always be the initial value.
2. The lower four bits are valid and the upper four bits are reserved. The write va
should always be the initial value.

©o|ow|low|low|lo|~|o|lo|o|ao
0| 0|0|0|0|0|0|O0
0| 0|0|0|0|0|0|O0
O|0|0|0|0|0|0|0|0|C
O|O0|0|0|0|0|0|0|0|cC

O|0|0|0| 0
®)
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Bit 7 6 5 4 3 2 1

Bit Name Pn7DDR Pn6DDR Pn5DDR Pn4DDR Pn3DDR Pn2DDR Pn1DDR

Initial Value 0 0 0 0 0 0 0
R/W w W W 4 4 W W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

Table9.3 Startup Modeand Initial Value

Startup Mode

Port External Extended Mode Single-Chip Mode
Port A H'80 H'00
Other ports H'00
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n/vv n/vv n/vv n/vv n/vv n/vv n/vy n/vy

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

9.1.3 Port Register (PORTN) (h=1t03,5,6,A,B,DtoF,H,and )

PORT is an 8-bit read-only register that reflects the port pin state. A write to PORT is iny
When PORT is read, the DR bits that correspond to the respective DDR bits set to 1 are r
the status of each pin whose corresponding DDR bit is cleared to 0 is also read regardless
ICR value.

The initial value of PORT is undefined and is determined based on the port pin state.

Bit 7 6 5 4 3 2 1

Bit Name Pn7 Pn6 Pn5 Pn4 Pn3 Pn2 Pn1

Initial Value Undefined  Undefined Undefined Undefined Undefined Undefined Undefined Ut
R/W R R R R R R R

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.
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When PORT is read, the pin state is always read regardless of the ICR value. When the
is cleared to O at this time, the read pin state is not reflected in a corresponding on-chip
module.

If ICR is modified, an internal edge may occur depending on the pin state. Accordingly,
should be modified when the corresponding input pins are not used. For example, an IR
modify ICR while the corresponding interrupt is disabled, clear the IRQF flag in ISR of
interrupt controller to 0, and then enable the corresponding interrupt. If an edge occurs ¢
ICR setting, the edge should be cancelled.

The initial value of ICR is H'00.

Bit 7 6 5 4 3 2 1

Bit Name Pn7ICR Pn6ICR Pn5ICR Pn4ICR Pn3ICR Pn2ICR Pn1ICR

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.
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Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

Table9.4 Input Pull-Up MOS State

Hardware Software Ot|

Port Pin State Reset Standby Mode Standby Mode Og
Port D  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port E  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port F Address output OFF

Port output OFF

Port input OFF ON/OFF
PortH Data input/output OFF

Port output OFF

Port input OFF ON/OFF
Port | Data input/output OFF

Port output OFF

Port input OFF ON/OFF
[Legend]
OFF: The input pull-up MOS is always off.
ON/OFF: If PCRis setto 1, the input pull-up MOS is on; if PCR is cleared to 0, the input

MOS is off.
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Bit Name Pn70ODR Pn6ODR Pn50DR Pn4ODR Pn30ODR Pn20DR Pn1ODR

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

9.2 Output Buffer Control
This section describes the output priority of each pin.

The name of each peripheral module pin is followed by “_OE”. This (for example: TIO
indicates whether the output of the corresponding function is valid (1) or if another setti
specified (0). Table 9.5 lists each port output signal's valid setting. For details on the
corresponding output signals, see the register description of each peripheral module. If t
of each peripheral module pin is followed by A or B, the pin function can be modified b
function control register (PFCR). For details, see section 9.3, Port Function Controller.

For a pin whose initial value changes according to the activation mode, “Initial value E’
the initial value when the LSI is started up in external extended mode and “Initial value
indicates the initial value when the LSI is started in single-chip mode.
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P17 input
(initial setting)

(2) P16/DACKI-A/IRQ6-A/TCLKC-B

The pin function is switched as shown below according to the combination of the DMAC
setting and P16DDR bit setting.

Setting
DMAC 1/0 Port
Module Name Pin Function DACK1A_OE P16DDR
DMAC DACK1-Aoutput 1 —
I/0 port P16 output 0
P16 input 0 0

(initial setting)
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(initial setting)

(4) P14/DREQI-A/IRQ4-A/TCLKA-B

The pin function is switched as shown below according to the PI4DDR bit setting.

Setting
1/O Port
Module Name Pin Function P14DDR
I/0 port P14 output 1
P14 input 0

(initial setting)

(5) P13/ADTRGO/IRQ3-A

The pin function is switched as shown below according to the PI3DDR bit setting.

Setting
1/0 Port
Module Name Pin Function P13DDR
I/0 port P13 output 1
P13 input 0
(initial setting)
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17U pPOIt 1z Output AV A I

P12 input 0 0 0
(initial setting)

(7) PLURXD2/TENDO-A/IRQI-A

The pin function is switched as shown below according to the combination of the DMAC
setting and P11DDR bit setting.

Setting
DMAC I/O Port
Module Name Pin Function TENDOA OE P11DDR
DMAC TENDO-A output 1 —
1/0 port P11 output
P11 input 0 0

(initial setting)
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(initial setting)

922 Port 2
(1) P27/PO7/TIOCAS/TIOCBS

The pin function is switched as shown below according to the combination of the TPU :
register settings and P27DDR bit setting.

Setting
TPU PPG I/O Por
Module Name Pin Function TIOCB5_OE PO7_OE P27DD
TPU TIOCBS5 output 1 — —
PPG PO7 output 0 1 —
I/0 port P27 output 0 0 1
P27 input 0 0

(initial setting)
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oul AU 1T OUlput \v \v I —
PPG POB6 output 0 0 0 1
I/O port P26 output 0 0 0

P26 input 0 0 0

(initial setting)

(3) P25/POS/TIOCA4/TMCILRxD1

The pin function is switched as shown below according to the combination of the TPU ar
register settings and P25DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA4_OE PO5_OE P25DDF
TPU TIOCAA4 output 1 — —
PPG PO5 output 0 1 —
I/0 port P25 output 0 0 1
P25 input 0 0

(initial setting)
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rrQa FuU4a Outlput \v 1 —
1/0 port P24 output 0 0 0 1
P24 input 0 0 0 0

(initial setting)

(5) P23/PO3TIOCC3/TIOCD3IRQII-A

The pin function is switched as shown below according to the combination of the TPU :
register settings and P23DDR bit setting.

Setting
TPU PPG I/O Por
Module Name Pin Function TIOCD3_OE PO3_OE P23DD
TPU TIOCDS3 output 1 — —
PPG POS3 output 0 1 —
I/0 port P23 output 0 0 1
P23 input 0 0

(initial setting)
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oul AUV OUlput \v v I —
PPG PO2 output 0 0 0
I/O port P22 output 0 0 0

P22 input 0 0 0 0

(initial setting)

(7) P2U/POUTIOCA3/TMCIO/RxDOMRQY-A

The pin function is switched as shown below according to the combination of the TPU ar
register settings and P21DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA3_OE PO1_OE P21DDF
TPU TIOCAS output 1 — —
PPG PO1 output 0 —
I/0 port P21 output 0 0 1
P21 input 0 0

(initial setting)
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rrQa FUU Outiput \v \v I -
I/0 port P20 output

P20 input 0 0 0 0
(initial setting)

o
—_

9.2.3 Port 3
(1) P37/PO15/TIOCA2/TIOCB2/ITCLKD-A

The pin function is switched as shown below according to the combination of the TPU :
register settings and P37DDR bit setting.

Setting
TPU PPG I/0 Po
Module Name Pin Function TIOCB2_OE PO15_OE P37DC
TPU TIOCB2 output 1 — —
PPG PO15 output 0 1 —
I/0O port P37 output 0
P37 input 0 0

(initial setting)
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17U POIt o0 Output v v |

P36 input
(initial setting)

o
o
o

(3) P35/PO13/TIOCALTIOCBLTCLKC-A/DACK1-B

The pin function is switched as shown below according to the combination of the DMAC
and PPG register settings and P35DDR bit setting.

Setting

DMAC TPU PPG I/0
Module Name Pin Function DACKiB_OE TIOCB1 _OE PO13_OE P35
DMAC DACK1-B output 1 — — —
TPU TIOCB1 output 0 1 — —
PPG PO13 output 0 0 1 —
I/0 port P35 output 0 0

P35 input 0 0 0

(initial setting)
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rrQa FU T2 OUlpul \v \v 1 —
1/0 port P34 output 0 0 0 1

P34 input 0 0 0 0
(initial setting)

(5) P33/PO1LTIOCCO/TIOCDO/TCLKB-A/DREQI-B

The pin function is switched as shown below according to the combination of the TPU :
register settings and P33DDR bit setting.

Setting
TPU PPG I/O Por
Module Name Pin Function TIOCDO_OE PO11_OE P33DD
TPU TIOCDO output 1 — —
PPG PO11 output 0 1 —
1/0 port P33 output 0 0 1
P33 input 0 0

(initial setting)
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rrQa FU TV Ouiput \v \v 1 —
1/0 port P32 output 0 0 0 1

P32 input 0 0 0 0
(initial setting)

(7) P3UPO9/TIOCAO/TIOCBO/TENDO-B

The pin function is switched as shown below according to the combination of the DMAC
and PPG register settings and P31DDR bit setting.

Setting
DMAC TPU PPG I/O
Module Name Pin Function TENDOB_OE TIOCBO_OE P09 OE P31
DMAC TENDO-B output 1 — — —
TPU TIOCBO output 0 1 — —
PPG PO9 output 0 0 —
I/0 port P31 output 0 0 1
P31 input 0 0 0

(initial setting)
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17U pPOIt ~ouU Ouiput v v |

P30 input 0 0 0
(initial setting)

9.24 Port 5
(1) P57/AN7/DAVIRQ7-B

Module Name Pin Function

D/A converter DA1 output

(2) P56/AN6/DAOTRQ6-B

Module Name Pin Function

D/A converter DAO output
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UIVIAL UAUNAO OUlpuUt I — o

TMR TMO3 output 0 1 —
I/O port P65 output 0
P65 input 0 0

(initial setting)

(2) P64/TMCI3TEND3

The pin function is switched as shown below according to the combination of the DMAC
setting and P64DDR bit setting.

Setting
DMAC I/O Port
Module Name Pin Function TEND3_OE P64DDR
DMAC TENDS output 1 —
1/0 port P64 output
P64 input 0 0

(initial setting)
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The pin function is switched as shown below according to the combination of the DMA
and SCI register settings and P62DDR bit setting.

Setting

DMAC TMR SCI I/C
Module Name Pin Function DACK2 OE TMO2_OE SCK4_OE P6
DMAC DACK2 output 1 — — —
TMR TMO2 output 0 1 — —
SCI SCK4 output 0 0 —
I/0 port P62 output 0 0 0

P62 input 0 0 0 0

(initial setting)

(5) P6L/TMCI2RxD4/TEND2/IRQ9-B

The pin function is switched as shown below according to the combination of the DMA
setting and P61DDR bit setting.

Setting
DMAC I/0O Port
Module Name Pin Function TEND2_OE P61DDR
DMAC TEND2 output 1 —
I/0 port P61 output 0 1
P61 input 0 0

(initial setting)
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(initial setting)

9.2.6 Port A
(1) PA7/Bd

The pin function is switched as shown below according to the PA7DDR bit setting.

Setting
1/O Port
Module Name Pin Function PA7DDR
I/0 port B¢ output* 1
(initial setting E)
PA7 input 0

(initial setting S)

[Legend]

Initial setting E: Initial setting in external extended mode

Initial setting S: Initial setting in single-chip mode

Note: * The type of ¢ to be output switches according to the POSEL1 bit in SCKCR. F
see section 19.1.1, System Clock Control Register (SCKCR).
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AS output* 0 0 1 —
(initial setting E)
1/0 port PA6 output 0

PAG input
(initial setting S)

o
o|o
o

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Note: * Valid in external extended mode (EXPE = 1)

(3) PA5RD

The pin function is switched as shown below according to the combination of operating
EXPE bit, and the PASDDR bit settings.

Setting
MCU Operating Mode I/0 Port

Module Name Pin Function EXPE PASDDR

RD output*
Bus controller (Initial setting E) 1 —
I/0 port PA5 output 0 1

PA5 input

(initial setting S) 0 0
[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode
Note: * Valid in external extended mode (EXPE = 1)
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=i fEEL L AL

(initial setting E)
1/0 port PA4 output 0 0 1

PA4 input 0 0 0
(initial setting S)

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Notes: 1. Valid in external extended mode (EXPE = 1)

2. When the byte control SRAM space is accessed while the byte control SRAM
specified or while LHWROE =1, this pin functions as the LUB output; otherwist
LHWR output.
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~

I/0 port PA3 output 0 0 1
PA3 input (initial settingS) 0 0 0

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Notes: 1. Valid in external extended mode (EXPE = 1)

2. If the byte control SRAM space is accessed, this pin functions as the LLB out
otherwise, the LLWR.

(6) PA2BREQ/WAIT

The pin function is switched as shown below according to the combination of the bus cc
register setting and the PA2DDR bit setting.

Setting
Bus Controller I/O Port
Module Name Pin Function BCR_BRLE BCR_WAITE PA2DDR
Bus controller BREQ input 1 — —
WAIT input 0 1 —
I/0 port PA2 output 0 0 1
PA2 input 0 0

(initial setting)
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Bus controller BACK output * 1 — — —
RD/WR output * 0 1 — —
0 0 1 —
1/0 port PA1 output 0 0 1
PA1 input 0 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

(8) PAO/BREQO/BS-A

The pin function is switched as shown below according to the combination of operating r
EXPE bit, bus controller register, port function control register (PFCR), and the PAODDI
settings.

Setting
1/0 Port Bus Controller  1/O Port
Module Name Pin Function BSA_OE BREQ_OE PAODDF
Bus controller BS-A output* 1 — —
BREQO output* 0 1 —
1/0 port PAO output 0 0 1
PAO input 0 0

(initial setting )
Note: * Valid in external extended mode (EXPE = 1)
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1/0 port

PBS3 output 0 0 1

o
o
o

PB3 input
(initial setting)

Note: * Valid in external extended mode (EXPE = 1)

(1) PB2/CS2-A/CS6-A

The pin function is switched as shown below according to the combination of operating
EXPE bit, port function control register (PFCR), and the PB2DDR bit settings.

Setting
I/O Port
Module Name Pin Function CS2A_OE CS6A_OE PB2DC
Bus controller CS2-A output* 1 — —
CS6-A output* — 1 —
1/0 port PB2 output 0 0 1
PB2 input 0 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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Loo-A OUiput™ - - I - -
CS6-B output* — — — 1 —
CS7-B output* — — — —

I/0 port PB1 output

PB1 input
(initial setting)

Note: * Valid in external extended mode (EXPE = 1)

(3) PBO/CS0/CS4/CS5-B

The pin function is switched as shown below according to the combination of operating 1
EXPE bit, port function control register (PFCR), and the PBODDR bit settings.

Setting
I/0 Port
Module Name Pin Function CS0_OE CS4 OE CS5B OE  PB(
Bus controller CSO0 output* 1 — — —
(initial setting E)
CS4 output* — 1 — —
CS5-B output* — — 1 —
I/O port PBO output 0 0
PBO input 0 0 0 0

(initial setting S)

[Legend]

Initial setting E: Initial setting in on-chip ROM disabled external extended mode
Initial setting S: Initial setting in other modes

Note: * Valid in external extended mode (EXPE = 1)
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pus Conuoler AUUIcss OUlput UTN=Chip Rvivl disabicd —
extended mode

On-chip ROM enabled 1
extended mode

I/0 port PDn output Single-chip mode* 1

PDn input Modes other than on-chip 0

(initial setting) ROM disabled extended

mode
[Legend]
n=0to7
Note: * Address output is enabled by setting PDnDDR = 1 in external extended mode
(EXPE =1)
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pus Conuoler AUUIcss OUlput UTN=Chip Rvivl disabicd —
extended mode

On-chip ROM enabled 1
extended mode

I/0 port PEn output Single-chip mode* 1

PEn input Modes other than on-chip 0

(initial setting) ROM disabled extended

mode
[Legend]
n=0to7
Note: * Address output is enabled by setting PDnDDR = 1 in external extended mode
(EXPE = 1)

9210 PortF

(1) PF7/A23

The pin function is switched as shown below according to the combination of operating r
EXPE bit, port function control register (PFCR), and the PF7DDR bit settings.

Setting
MCU Operating /0 Port
Mode Module Name Pin Function A23_OE PF
Modes other than  Bus controller A23 output* 1 —
on-chip ROM

1/0 port PF7 output 0

disabled extended PO outpu
mode PF7 input (initial setting) 0 0

Note: * Valid in external extended mode (EXPE = 1)
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moae PO put (rital scturngy) v V)

Note: * Valid in external extended mode (EXPE = 1)

(3) PF5/A21

The pin function is switched as shown below according to the combination of operating
EXPE bit, port function control register (PFCR), and the PFSDDR bit settings.

Settin
MCU 110 Po
Operating Mode Module Name Pin Function A21 OE PF
Modes other than ~ Bus controller A21 output* 1 —
on-chip ROM 1/0 port PF5 output 0 1
disabled extended - — -
PF5 input (initial setting) 0 0

mode
Note: * Valid in external extended mode (EXPE = 1)
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Modes other than  Bus controller A20 output* 1 —
on-chip ROM /0 port PF4 output 0

disabled extended : m— :
mode PF4 input (initial setting) 0 0

Note: * Valid in external extended mode (EXPE = 1)

(5) PF3/A19

The pin function is switched as shown below according to the combination of operating r
EXPE bit, port function control register (PFCR), and the PF3DDR bit settings.

Setting
MCU 1/0 Port
Operating Mode Module Name Pin Function A19 OE PF:
On-chip ROM Bus controller A19 output — —
disabled extended
mode
Modes other than  Bus controller A19 output* 1 —
on-chip ROM

|

disabled extended /O port PF3 output 0 !
mode PF3 input (initial setting) 0 0

Note: * Valid in external extended mode (EXPE = 1)
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Modes other than  Bus controller A18 output* 1 —
on-chip ROM /0 port PF2 output 0 1

disabled extended
mode PF2 input (initial setting) 0 0

Note: * Valid in external extended mode (EXPE = 1)

(7) PFLUA17

The pin function is switched as shown below according to the combination of operating
EXPE bit, port function control register (PFCR), and the PF1DDR bit settings.

Settin

MCU 1/0 Pol
Operating Mode Module Name Pin Function Al17_OE PF
On-chip ROM Bus controller A17 output — —
disabled extended
mode
Modes other than ~ Bus controller A17 output* 1 —
on-chip ROM

1/0 port PF1 output 0 1
disabled extended po outpu
mode PF1 input (initial setting) 0 0

Note: * Valid in external extended mode (EXPE = 1)
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Modes other than ~ Bus controller A16 output* 1 —

on-chip ROM
disabled extended VO port PFO output 0 1
mode PFO input (initial setting) 0 0

Note: * Valid in external extended mode (EXPE = 1)

9211 PortH
(1) PH7/D7, PH6/D6, PH5/D5, PH4/D4, PH3/D3, PH2/D2, PH1/D1, PHO/DO

The pin function is switched as shown below according to the combination of operating r
EXPE bit, and the PHnDDR bit settings.

Setting
MCU Operating Mode 1/0 Port
Module Name Pin Function EXPE PHnDDR
Bus controller Data 1/O* 1 —
(initial setting E)
1/0 port PHn output 0 1
PHn input 0 0

(initial setting S)

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode
n=0to7

Note: * Valid in external extended mode (EXPE = 1)
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Dus Conuolier Udla I/U™ I —
(initial setting E)

1/0 port PIn output 0 1

PIn input 0 0
(initial setting S)

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode
n=0to7

Note: * Valid in external extended mode (EXPE = 1)
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When SCMR_2.5MIF = 0:

SCR_2.TE=10rSCR_2.RE=1Vv
SMR_2.C/A =0, SCR_2.CKE [1, (
while SMR_2.C/A = 1, SCR_2.CKl

1 TENDOA_OE

TENDO PFCR7.DMASO[A,B] =00

DMDR.TENDE = 1

0 TxD2_OE

TxD2

SCR.TE=1

P2 7 TIOCB5_OE TIOCB5 TPU.TIOR5.I0B3 = 0, TPU.TIORE
=01/10/11
PO7_OE PO7 NDERL.NDER? = 1
6 TIOCA5_OE TIOCA5 TPU.TIOR5.I0A3 = 0, TPU.TIORE
=01/10/11
TMO1_OE  TMO1 TCSR.0S3,2 = 01/10/11 or TCSR
= 01/10/11
TXD1_OE TXD1 SCR.TE = 1
PO6_OE PO6 NDERL.NDERS6 = 1
5 TIOCA4 OE TIOCA4 TPU.TIOR4.I0A3 = 0, TPU.TIOR
= 01/10/11
PO5_OE PO5 NDERL.NDERS = 1
4 TIOCB4_OE TIOCB4 TPU.TIOR4.10B3 = 0, TPU.TIOR
=01/10/11
SCK1_OE  SCK1 When SCMR_1.SMIF = 1:
SCR_1.TE=10r SCR_1.RE =1\
SMR_1.GM = 0, SCR_1.CKE [1, C
while SMR_1.GM = 1
When SCMR_1.SMIF = 0:
SCR_1.TE=10r SCR_1.RE =1\
SMR_1.C/A =0, SCR_1.CKE [1, (
while SMR_1.C/A = 1, SCR_1.CK
PO4_OE PO4 NDERL.NDER4 = 1
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TIOCA3_OE  TIOCA3 TPU.TIORH3.I0A3 =0,
TPU.TIORH3.I0A[1,0] = 01/10/1

PO1_OE PO1 NDERL.NDER1 =1

TIOCB3_OE  TIOCB3 TPU.TIORH3.I0B3 = 0,
TPU.TIORH3.10BJ[1,0] = 01/10/1

SCKO_OE SCKO When SCMR_0.SMIF = 1:
SCR_0.TE =10or SCR_0.RE =1
SMR_0.GM =0, SCR_0.CKE [1,
while SMR_0.GM = 1
When SCMR_0.SMIF = 0:
SCR_0.TE =10or SCR_0.RE =1
SMR_0.C/A =0, SCR_0.CKE [1,
while SMR_0.C/A =1, SCR_0.Cl

POO_OE POO NDERL.NDERO = 1

P3 TIOCB2_OE  TIOCB2 TPU.TIOR2.10B3 = 0, TPU.TIOF

=01/10/11

PO15_OE PO15 NDERH.NDER15 =1

TIOCA2_OE  TIOCA2 TPU.TIOR2.10A3 = 0, TPU.TIOF
=01/10/11

PO14_OE PO14 NDERH.NDER14 =1

DACK1B_OE DACK1 PFCR7.DMAS1[A,B]=01 DACR.AMS =1, DMDR.DACKE

TIOCB1_OE  TIOCBH1 TPU.TIOR1.10B3 = 0, TPU.TIOF
=01/10/11

PO13_OE PO13 NDERH.NDER13 = 1

TEND1B_OE TEND1 PFCR7.DMAS1[A,B]=01 DMDR.TENDE =1

TIOCA1_OE  TIOCA1 TPU.TIOR1.I0A3 = 0, TPU.TIOF
=01/10/11

PO12_OE PO12 NDERH.NDER12 =1

RENESAS
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TPU.TIORHO.IOB[1,0] = 01/10/11

PO9_OE PO9 NDERH.NDER = 1
0 TIOCAO_OE TIOCAO TPU.TIORHO.I0A3 = 0,
TPU.TIORHO.I0A[1,0] = 01/10/11
PO8_OE PO8 NDERH.NDERS = 1
P6 5 DACK3 OE DACK3 PFCR7.DMAS3[AB] =01 DACR.AMS = 1, DMDR.DACKE =
TMO3_OE  TMO3 TCSR.0S[3,2] = 01/10/11 or TCS|
= 01/10/11
TEND3_ OE TEND3 PFCR7.DMAS3[A,B]=01 DMDR.TENDE = 1
DACK2 OE DACK2 PFCR7.DMAS2]A,B]=01 DACR.AMS = 1, DMDR.DACKE =
TMO2_OE  TMO2 TCSR.0S[3,2] = 01/10/11 or TCS|
= 01/10/11
SCK4_OE  SCK4 When SCMR_4.SMIF = 1:
SCR_4.TE =1 0r SCR_4.RE = 1\
SMR_4.GM = 0, SCR_4.CKE [1, C
while SMR_4.GM = 1
When SCMR_4.SMIF = 0:
SCR_4.TE=10r SCR_4.RE =1\
SMR_4.C/A = 0, SCR_4.CKE [1, (
while SMR_4.C/A = 1, SCR_4.CK
1 TEND2_ OE TEND2 PFCR7.DMAS2[A,B]=01 DMDR.TENDE = 1
0 TxD4 OE TxD4 SCR.TE = 1
PA 7 B¢ OE B¢ PADDR.PA7DDR = 1, SCKCR.PC
6 AH_OE AH SYSCR.EXPE = 1,
MPXCR.MPXEn (n=7to0 3) = 1
BSB_OE BS PFCR2.BSS = 1 SYSCR.EXPE = 1, PFCR2.BSE =
AS_OE AS SYSCR.EXPE = 1, PFCR2.ASOE
5 RD_OE RD SYSCR.EXPE = 1
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oRANIvn.DUOLLIT = |

0 BSAOE BS PFCR2.BSS =0 SYSCR.EXPE = 1, PFCR2.BSE
BREQO_OE BREQO SYSCR.EXPE = 1, BCR1.BRLE
BCR1.BREQOE = 1

PB 3 CS3_OE CcS3 SYSCR.EXPE = 1, PFCR0.CS3E
CS7A_OE CS7  PFCR1.CS7S[A,B]=00 SYSCR.EXPE =1, PFCR0.CS7E

2 CS2A_OE CS2  PFCR2.CS2S=0 SYSCR.EXPE = 1, PFCR0.CS2E
CS6A_OE CS6  PFCR1.CS6S[A,B]=00 SYSCR.EXPE =1, PFCR0.CS6E

1 CS1_OE cst SYSCR.EXPE = 1, PFCR0.CS1E
CS2B_OE CS2  PFCR2.CS2S =1 SYSCR.EXPE = 1, PFCR0.CS2E
CS5A_OE CS5  PFCR1.CS5S[A,B]=00 SYSCR.EXPE =1, PFCR0.CS5E
CS6B_OE CS6  PFCR1.CS6S[A,B]=01  SYSCR.EXPE =1, PFCR0.CS6E
CS7B_OE CS7  PFCR1.CS7S[A,B]=01  SYSCR.EXPE =1, PFCR0.CS7E

0 CSO0_OE CS0 SYSCR.EXPE = 1, PFCR0.CSOE
CS4_OE cs4 SYSCR.EXPE = 1, PFCR0.CS4E
CS5B_OE CS5  PFCR1.CS5S[A,B]=01  SYSCR.EXPE =1, PFCR0.CS5E

PD 7 A7_OE A7 SYSCR.EXPE = 1, PDDDR.PD7
6 AB_OE A6 SYSCR.EXPE = 1, PDDDR.PD6
5 A5_OE A5 SYSCR.EXPE = 1, PDDDR.PD5
4 A4_OE A4 SYSCR.EXPE = 1, PDDDR.PD4
3 A3_OE A3 SYSCR.EXPE = 1, PDDDR.PD3
2 A2 OE A2 SYSCR.EXPE = 1, PDDDR.PD2
1 A1_OE A1 SYSCR.EXPE = 1, PDDDR.PD1
0 AO_OE A0 SYSCR.EXPE = 1, PDDDR.PDO

RENESAS
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Ao_LUL

Ao

OSYOUR.EAFE =1, FUDUUR.FEUD

PF A23_OE

A23

SYSCR.EXPE = 1, PFCR4.A23E

A22_OE

A22

SYSCR.EXPE = 1, PFCR4.A22E :

A21_OE

A21

SYSCR.EXPE = 1, PFCR4.A21E :

A20_OE

A20

SYSCR.EXPE = 1, PFCR4.A20E :

A19_OE

A19

SYSCR.EXPE =1, PFCR4.A19E :

NfW| ||| N|C

A18_OE

A18

SYSCR.EXPE = 1, PFCR4.A18E :

—_

A17_OE

A17

SYSCR.EXPE =1, PFCR4.A17E :

A16_OE

A16

SYSCR.EXPE = 1, PFCR4.A16E :

PH D7_E

D7

SYSCR.EXPE =1

D6_E

D6

SYSCR.EXPE =1

D5_E

D5

SYSCR.EXPE =1

D4_E

D4

SYSCR.EXPE =1

D3_E

D3

SYSCR.EXPE =1

Nfw|fdMjOo|lO|N|O

D2_E

D2

SYSCR.EXPE =1

—_

D1_E

D1

SYSCR.EXPE =1

DO_E

DO

SYSCR.EXPE =1

Pl D15_E

D15

SYSCR.EXPE =1, ABWCR.ABW|

D14_E

D14

SYSCR.EXPE = 1, ABWCR.ABW|

D13_E

D13

SYSCR.EXPE =1, ABWCR.ABW|

D12_E

D12

SYSCR.EXPE = 1, ABWCR.ABW|

D11_E

D11

SYSCR.EXPE = 1, ABWCR.ABW|

NfwfdMlO|O|N|O

D10_E

D10

SYSCR.EXPE = 1, ABWCR.ABW|

1 D9_E

D9

SYSCR.EXPE = 1, ABWCR.ABW|

0 D8_E

D8

SYSCR.EXPE =1, ABWCR.ABW|
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e Port function control register 7 (PFCR7)
e Port function control register 9 (PFCR9)
e Port function control register B (PFCRB)
e Port function control register C (PFCRC)

931 Port Function Control Register 0 (PFCRO0)

PFCRO enables/disables the CS output.

Bit 7 6 5 4 3 2
Bit Name CS7E CS6E CS5E CS4E CS3E CS2E CS1E
Initial Value 0 0 0 0 0 0 L
RW RW RW RW R/W R/W RW
Note: * 1 in external extended mode; O in other modes.
Initial
Bit Bit Name Value R/W Description
7 CS7E 0 R/W CS7 to CS0 Enable
6 CS6E 0 R/W These bits enable/disable the corresponding
5 CS5E 0 Rw  output
2 CS4E 0 RIW 0: Pin functions as I/O port
3 CS3E 0 RIW 1: Pin functions as CSn output pin
2 CS2E 0 rRw (=710
1 CS1E 0 R/W
0 CSOE Undefined* R/W

Note: * 1 in external extended mode; O in other modes.
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DIl DIt INallic valuc nN/vv veoLliipuull
7 CS7SA* R/W CS7 Output Pin Select

6 CS7SB* R/W Selects the output pin for CS7 when CS7 output
enabled (CS7E = 1)

00: Specifies pin PB3 as CS7-A output
01: Specifies pin PB1 as CS7-B output
10: Setting prohibited
11: Setting prohibited

5 CS6SA* 0 R/W  CS6 Output Pin Select

CS6SB* 0 R/W Selects the output pin for CS6 when CS6 output
enabled (CS6E = 1)

00: Specifies pin PB2 as CS6-A output
01: Specifies pin PB1 as CS6-B output
10: Setting prohibited
11: Setting prohibited

CS58A* 0 R/W  CS5 Output Pin Select

2 CS58B* 0 R/W Selects the output pin for CS5 when CS5 output
enabled (CS5E = 1)

00: Specifies pin PB1 as CS5-A output
01: Specifies pin PBO as CS5-B output
10: Setting prohibited
11: Setting prohibited

o o
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PFCRI1 selects the CS output pin, enables/disables bus control 1/0, and selects the bus ¢

pins.
Bit 7 6 4 3 2 1
Bit Name — Cs2s BSS BSE — RDWRE ASOE
Initial Value 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W RIW RW
Initial
Bit Bit Name Value R/W Description
7 — 0 R/W Reserved
This bit is always read as 0. The write value sh
always be 0.
6 CS2Ss*' 0 R/W  CS2 Output Pin Select
Selects the output pin for CS2 when CS2 outpt
enabled (CS2E = 1)
0: Specifies pin PB2 as CS2-A output pin
1: Specifies pin PB1 as CS2-B output pin
5 BSS 0 R/W  BS Output Pin Select

Selects the BS output pin
0: Specifies pin PAO as BS-A output pin
1: Specifies pin PA6 as BS-B output pin
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Enables/disables the RD/WR output

0: Disables the RD/WR output

1: Enables the RD/WR output
1 ASOE 1 R/W  AS Output Enable

Enables/disables the AS output

0: Specifies pin PA6 as 1/0O port

1: Specifies pin PA6 as AS output pin
0 — 0 R/W Reserved

This bit is always read as 0. The write value sho
always be 0.

Notes: 1. If multiple CS outputs are specified to a single pin according to the CS2 output
select bit, multiple CS signals are output from the pin. For details, see section
Chip Select Signals.
2. If an area is specified as a byte control SDRAM space, the pin functions as RL
output regardless of the RDWRE bit value.
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Bit

Bit Name

Initial
Value

R/W

Description

A23E

0

R/W

Address A23 Enable

Enables/disables the address output (A23)
0: Disables the A23 output

1: Enables the A23 output

A22E

R/W

Address A22 Enable

Enables/disables the address output (A22)
0: Disables the A22 output

1: Enables the A22 output

A21E

R/W

Address A21 Enable

Enables/disables the address output (A21)
0: Disables the A21 output

1: Enables the A21 output

A20E

1/0%*

R/W

Address A20 Enable

Enables/disables the address output (A20)
0: Disables the A20 output

1: Enables the A20 output

A19E

1/0%*

R/W

Address A19 Enable

Enables/disables the address output (A19)
0: Disables the A19 output

1: Enables the A19 output
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0 A16E 1/0%* R/W Address A16 Enable
Enables/disables the address output (A16)
0: Disables the A16 output
1: Enables the A16 output

9.35 Port Function Control Register 6 (PFCR6)

PFCRG6 selects the TPU clock input pin.

Bit 7 6 5 4 3 2 1
Bit Name — LHWROE — — TCLKS — —
Initial Value 1 1 1 0 0 0 0
R/W R/W R/W R/W R R/W RW RW
Initial
Bit Bit Name Value R/W Description
7 — 1 R/W Reserved
This bit is always read as 1. The write value sho
always be 1.
6 LHWROE 1 R/W  LHWR Output Enable

Enables/disables LHWR output (valid in external
extended mode).

0: Specifies pin PA4 as I/O port
1: Specifies pin PA4 as LHWR output pin
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clock inputs
1: Specifies pins P14 to P17 as external clock i
2to0 — AllO R/W Reserved

These bits are always read as 0. The write valu
always be 0.

9.3.6 Port Function Control Register 7 (PFCR7)

PFCR7 selects the DMAC I/O pins (DREQ, DACK, and TEND).

Bit 7 6 5 4 3 2 1

Bit Name DMAS3A DMAS3B | DMAS2A | DMAS2B DMAS1A | DMAS1B DMASOA

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 DMAS3A 0 R/W DMAC control pin select
6 DMAS3B 0 R/W Selects the 1/0O port to control DMAC_3.

00: Setting prohibited
01: Specifies pins P63 to P65 as DMAC control
10: Setting prohibited
11: Setting prohibited
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00: Specifies pins P14 to P16 as DMAC control |
01: Specifies pins P33 to P35 as DMAC control
10: Setting prohibited
11: Setting prohibited

1 DMASOA © R/W DMAC control pin select

0 DMASOB 0 R/W Selects the I/0 port to control DMAC_0.
00: Specifies pins P10 to P12 as DMAC control |
01: Specifies pins P30 to P32 as DMAC control
10: Setting prohibited
11: Setting prohibited
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DIl INallltc valuc

nN/vv

veoLliipuull

TPUMS5 0

R/W

TPU 1/O Pin Multiplex Function Select

Selects TIOCAS function

0: Specifies pin P26 as output compare output
capture

1: Specifies P27 as input capture input and P2
compare

TPUMS4 0

R/W

TPU 1/O Pin Multiplex Function Select
Selects TIOCA4 function

0: Specifies P25 as output compare output and
capture

1: Specifies P24 as input capture input and P2!
compare

TPUMS3A 0

R/W

TPU 1I/O Pin Multiplex Function Select

Selects TIOCA3 function

0: Specifies P21 as output compare output and
capture

1: Specifies P20 as input capture input and P2
compare

TPUMS3B 0

R/W

TPU 1/O Pin Multiplex Function Select

Selects TIOCC3 function

0: Specifies P22 as output compare output and
capture

1: Specifies P23 as input capture input and P2:
compare
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0: Specifies P34 as output compare output and i
capture

1: Specifies P35 as input capture input and P34
compare

1 TPUMSOA 0 R/W

TPU 1I/O Pin Multiplex Function Select
Selects TIOCAO function

0: Specifies P30 as output compare output and i
capture

1: Specifies P31 as input capture input and P30
compare

0 TPUMSOB 0 R/W

TPU 1/O Pin Multiplex Function Select
Selects TIOCCO function

0: Specifies P32 as output compare output and i
capture

1: Specifies P33 as input capture input and P32
compare
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DIl INallltc

valuc

nN/vv

veoLliipuull

7t04

AllO

R/W

Reserved

These bits are always read as 0. The write valu

always be 0.

ITS11

R/W

TRQ11 Pin Select

Selects an input pin for IRQ11.

0: Selects pin P23 as IRQ11-A input
1: Selects pin P63 as IRQ11-B input

ITS10

R/W

TRQ10 Pin Select

Selects an input pin for IRQ10.

0: Selects pin P22 as IRQ10-A input
1: Selects pin P62 as IRQ10-B input

ITS9

R/W

TRQ9 Pin Select

Selects an input pin for IRQ9.

0: Selects pin P21 as IRQ9-A input
1: Selects pin P61 as IRQ9-B input

ITS8

R/W

TRQ8 Pin Select

Selects an input pin for IRQ8.

0: Selects pin P20 as IRQ8-A input
1: Selects pin P60 as IRQ8-B input
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veosulipuvun

7 ITS7 0 R/W

IRQ7 Pin Select

Selects an input pin for IRQ7.

0: Selects pin P17 as IRQ7-A input
1: Selects pin P57 as IRQ7-B output

6 ITS6 0 R/W

TRQ6 Pin Select

Selects an input pin for IRQ6.

0: Selects pin P16 as IRQ6-A input
1: Selects pin P56 as IRQ6-B output

5 ITS5 0 R/W

IRQS5 Pin Select

Selects an input pin for IRQ5.

0: Selects pin P15 as IRQ5-A input
1: Selects pin P55 as IRQ5-B output

4 ITS4 0 R/W

IRQ4 Pin Select

Selects an input pin for IRQ4.

0: Selects pin P14 as IRQ4-A input
1: Selects pin P54 as IRQ4-B output

3 ITS3 0 R/W

IRQ3 Pin Select

Selects an input pin for IRQ3.

0: Selects pin P13 as IRQ3-A input
1: Selects pin P53 as IRQ3-B output
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0 ITSO 0 R/W  IRQO Pin Select
Selects an input pin for IRQO.
0: Selects pin P10 as IRQO-A input
1: Selects pin P50 as IRQO-B output
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e  When a pin is used as an output, data to be output from the pin will be latched as the
if the input function corresponding to the pin is enabled. To use the pin as an output,
the input function for the pin by setting ICR.

9.4.2 Noteson Port Function Control Register (PFCR) Settings

e Port function controller controls the I/O port.
Before enabling a port function, select the input/output destination.
e When changing input pins, this LSI may malfunction due to the internal edge.
To change input pins, the following procedure must be performed.
— Disable the input function by the corresponding on-chip peripheral module setting
— Select another input pin by PFCR
— Enable its input function by the corresponding on-chip peripheral module settings

e If a pin function has both a select bit that modifies the input/output destination and an
bit that enables the pin function, first specify the input/output destination by the selec!
and then enable the pin function by the enable bit.
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The following operations can be set for each channel:
— Waveform output at compare match
— Input capture function
— Counter clear operation
— Synchronous operations:
e Multiple timer counters (TCNT) can be written to simultaneously
e Simultaneous clearing by compare match and input capture possible
¢ Simultaneous input/output for registers possible by counter synchronous ope:

e Maximum of 15-phase PWM output possible by combination with synchronc
operation

Buffer operation settable for channels 0 and 3

Phase counting mode settable independently for each of channels 1, 2, 4, and 5
Cascaded operation

Fast access via internal 16-bit bus

26 interrupt sources

Automatic transfer of register data

Programmable pulse generator (PPG) output trigger can be generated
Conversion start trigger for the A/D converter can be generated

Module stop state specifiable
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TGRB_1 TGRB_2 TGRB_3 TGRB_4 T(

General registers/ TGRC_0 — — TGRC_3 — —

buffer registers TGRD_0 TGRD_3

I/O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TI
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TI
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear function TGR TGR TGR TGR TGR TC

compare compare compare compare compare  CC
match or match or match or match or match or m

input input input input input in|
capture capture capture capture capture ca
Compare 0 output 0] (0] (0] 0] (0] (0]
match "ot o 0 0 0 0 0
output
Toggle (0] (0] (0] (0] (0] (0]
output
Input capture function O 0] 0] 0] o o
Synchronous (0] (0] (0] (0] (0] (0]
operation
PWM mode 0] 0o O o] O o
Phase counting mode — (0] (0] — (0] (0]
Buffer operation (0] — — o] — —
DTC activation TGR TGR TGR TGR TGR T(

compare compare compare compare compare  CC
matchor matchor matchor matchor matchor m
input input input input input in|
capture capture capture capture capture ca
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TGRB_0O TGRB_1 TGRB_2 TGRB_3
compare compare compare  compare
match or match or match or match or
input input input input
capture capture capture capture

Interrupt sources 5sources 4 sources 4 sources 5sources 4 sources 4

Compare Compare Compare Compare Compare (
match or  matchor matchor matchor matchor r
input input input input input in
capture OA capture 1A capture 2A capture 3A capture 4A c
Compare Compare Compare Compare Compare (
match or  matchor matchor matchor matchor r
input input input input input in
capture 0B capture 1B capture 2B capture 3B capture 4B c

Compare Overflow  Overflow Compare Overflow (

matchor  pgerfiow  Underflow MaICNOT  ngerfiow
input input
capture 0C capture 3C
Compare Compare
match or match or
input input
capture 0D capture 3D
Overflow Overflow

[Legend]

O : Possible

— : Not possible
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c Rl B4 6 w A
Clock input | 8 o |(|'—)||:||:|O | | | |
Internal clock: P¢/1
Po/4
Po/16
Po/64 — |3 J_
P¢/256 211g N § "> Internal data bus
P¢/1024 :—'\ 8 & I} ®
cl|l = = 2
P/4096 £ ‘g x| |5 i » A/D conversion start reques
External clock:TCLKA £ 8 BB a
TCLKB J o Fl B ———> PPG output trigger signal
TCLKC ————
TCLKD ol |
N o =
o = = El<|o
@ c K Zlcc|c
S ole|le
Sl I I
S |o|o|LK
Input/output pins FlE= Interrupt request signals
Channel 0:  TIOCAO E— Channel 0: TGIOA
TIOCBO o TGIoB
o - o
TIOCCO o gl |2 TGIOC
o 2| = B TGIOD
TIOCDO<“::> °© K € 3|55
Channel 1:  TIOCA1 3 = e e [ et et TClov
TIOCB1 £ o|o|e|L Channel 1: TGHA
& |-
Channel 2:  TIOCA2 5 TGIB
TIOCB2 S — TCHvV
° o|5|Z|x TCHU
8 E E 'C:) c'QO AEE R Channel 2: TGI2A
3 K = 13| 5|5(5]5 TGI2B
b < | o Ll I L e TCl2v
c o
S O |0|o|YKH
o o = TCI2U
[Legend]
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchronous register TSR: Timer status register
TCR: Timer control register TGR (A, B, C, D): Timer general registers (A, B, C, D)
TMDR: Timer mode register TCNT: Timer counter

TIOR (H, L): Timer I/O control registers (H, L)

Figure10.1 Block Diagram of TPU
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TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)
TCLKD Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)

TIOCAO 1/0  TGRA_OQ input capture input/output compare output/PWM o
TIOCBO 1/0  TGRB_0 input capture input/output compare output/PWM o
TIOCCO 1/0  TGRC_O0 input capture input/output compare output/PWM o
TIOCDO 1/0  TGRD_0 input capture input/output compare output/PWM o
TIOCA1 /O  TGRA_1 input capture input/output compare output/PWM o
TIOCB1 1/0  TGRB_1 input capture input/output compare output/PWM o
TIOCA2 1/0  TGRA_2 input capture input/output compare output/PWM o
TIOCB2 1/0  TGRB_2 input capture input/output compare output/PWM o
TIOCA3 1/0  TGRA_3 input capture input/output compare output/PWM o
TIOCB3 /0 TGRB_3 input capture input/output compare output/PWM o
TIOCC3 1/0  TGRC_3 input capture input/output compare output/PWM o
TIOCD3 /0  TGRD_3 input capture input/output compare output/PWM o
TIOCA4 1/0  TGRA_4 input capture input/output compare output/PWM o
TIOCB4 1/0  TGRB_4 input capture input/output compare output/PWM o
TIOCA5 1/0  TGRA_S5 input capture input/output compare output/PWM o
TIOCB5 1/0  TGRB_5 input capture input/output compare output/PWM o
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— Timer status register_0 (TSR_0)

— Timer counter_0 (TCNT_0)

— Timer general register A_0 (TGRA_0)

— Timer general register B_0 (TGRB_0)

— Timer general register C_0 (TGRC_0)

— Timer general register D_0 (TGRD_0)
e Channel 1

— Timer control register_1 (TCR_1)

— Timer mode register_1 (TMDR_1)

— Timer I/O control register _1 (TIOR_1)

— Timer interrupt enable register_1 (TIER_1)

— Timer status register_1 (TSR_1)

— Timer counter_1 (TCNT_1)

— Timer general register A_1 (TGRA_1)

— Timer general register B_1 (TGRB_1)
o Channel 2

— Timer control register_2 (TCR_2)

— Timer mode register_2 (TMDR_2)

— Timer I/O control register_2 (TIOR_2)

— Timer interrupt enable register_2 (TIER_2)

— Timer status register_2 (TSR_2)

— Timer counter_2 (TCNT_2)

— Timer general register A_2 (TGRA_2)

— Timer general register B_2 (TGRB_2)
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— Timer general register C_3 (TGRC_3)

— Timer general register D_3 (TGRD_3)
e Channel 4

— Timer control register_4 (TCR_4)

— Timer mode register_4 (TMDR_4)

— Timer I/O control register _4 (TIOR_4)

— Timer interrupt enable register_4 (TIER_4)

— Timer status register_4 (TSR_4)

— Timer counter_4 (TCNT_4)

— Timer general register A_4 (TGRA_4)

— Timer general register B_4 (TGRB_4)
e Channel 5

— Timer control register_5 (TCR_5)

— Timer mode register_5 (TMDR_5)

— Timer I/O control register_5 (TIOR_5)

— Timer interrupt enable register_5 (TIER_S)

— Timer status register_5 (TSR_5)

— Timer counter_5 (TCNT_5)

— Timer general register A_5 (TGRA_S)

— Timer general register B_5 (TGRB_5)
e Common Registers

— Timer start register (TSTR)

— Timer synchronous register (TSYR)
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inital

Bit Bit Name Value R/W Description

7 CCLR2 0 R/W Counter Clear 2 to 0

6 CCLR1 0 R/W These bits select the TCNT counter clearing sou

5 CCLRO 0 R/W details, see tables 10.3 and 10.4.

4 CKEGH1 0 R/W Clock Edge 1 and 0

3 CKEGO 0 R/W These bits select the input clock edge. For detail
table 10.5. When the input clock is counted usin
edges, the input clock period is halved (e.g. P/
edges = P¢/2 rising edge). If phase counting mo
used on channels 1, 2, 4, and 5, this setting is ig
and the phase counting mode setting has priority
clock edge selection is valid when the input cloc
or slower. This setting is ignored if the input cloc
or when overflow/underflow of another channel i
selected.

2 TPSC2 0 R/W Timer Prescaler 2 to 0

1 TPSC1 0 R/W These bits select the TCNT counter clock. The ¢

0 TPSCO 0 R/W source can be selected independently for each ¢

For details, see tables 10.6 to 10.11. To select il
external clock as the clock source, the DDR bit ¢
bit for the corresponding pin should be setto 0 &
respectively. For details, see section 9, 1/0 Ports
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1 0 0 TCNT clearing disabled

1 0 1 TCNT cleared by TGRC compare mat
capture*?

1 1 0 TCNT cleared by TGRD compare mat
capture*®

1 1 1 TCNT cleared by counter clearing for

channel performing synchronous clear
synchronous operation*'
Notes: 1. Synchronous operation is selected by setting the SYNC bitin TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared beca
buffer register setting has priority, and compare match/input capture does no

Table10.4 CCLR2to CCLRO (Channelsi, 2, 4, and 5)

Bit 7
Reserved Bit6 Bit 5
Channel *? CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare mat
capture
0 1 0 TCNT cleared by TGRB compare mat
capture
0 1 1 TCNT cleared by counter clearing for

channel performing synchronous clear
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

2. Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot
modified.
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Table10.6 TPSC2to TPSCO (Channel 0)

Bit 2 Bit 1 Bit 0

Channel TPSC2 TPSC1 TPSCO Description

0 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin in|
1 0 1 External clock: counts on TCLKB pin in|
1 1 0 External clock: counts on TCLKC pin in
1 1 1 External clock: counts on TCLKD pin in

Table10.7 TPSC2to TPSCO (Channdl 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin in|
1 0 1 External clock: counts on TCLKB pin in|
1 1 0 Internal clock: counts on P¢/256

1 1 1 Counts on TCNT2 overflow/underflow
Note: This setting is ignored when channel 1 is in phase counting mode.
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1

1

External clock: counts on TCLKC pin i

1

1

1

Internal clock: counts on P¢y/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table10.9 TPSC2to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin i
1 0 1 Internal clock: counts on P¢/1024
1 1 0 Internal clock: counts on P¢/256
1 1 1 Internal clock: counts on P$/4096
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1 1 0 Internal clock: counts on P¢/1024
1 1 1 Counts on TCNT5 overflow/underflow
Note: This setting is ignored when channel 4 is in phase counting mode.

Table10.11 TPSC2 to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin in|
1 0 1 External clock: counts on TCLKC pin in
1 1 0 Internal clock: counts on P¢/256
1 1 1 External clock: counts on TCLKD pin in

Note: This setting is ignored when channel 5 is in phase counting mode.
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Bit

Bit Name

inictal
Value

R/W

Description

7,6

All1

R

Reserved
These are read-only bits and cannot be modifie

BFB

R/W

Buffer Operation B

Specifies whether TGRB is to normally operate
and TGRD are to be used together for buffer oy
When TGRD is used as a buffer register, TGRI
capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRI
reserved. It is always read as 0 and cannot be

0: TGRB operates normally
1: TGRB and TGRD used together for buffer of

BFA

R/W

Buffer Operation A

Specifies whether TGRA is to normally operate
and TGRC are to be used together for buffer oy
When TGRC is used as a buffer register, TGR(
capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGR!
reserved. It is always read as 0 and cannot be

0: TGRA operates normally
1: TGRA and TGRC used together for buffer oy

o = N W

MD3
MD2
MD1
MDO

o O O o

R/W
R/W
R/W
R/W

Modes 3to 0
Set the timer operating mode.

MD3 is a reserved bit. The write value should a
0. For details, see table 10.12 for details.
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0 1 1 0 Phase counting mode 3

0 1 1 1 Phase counting mode 4
1 X X X —

[Legend]

X: Don't care

Notes: 1. MDS3 is a reserved bit. The write value should always be 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 shou
be written to MD2.

10.3.3 Timer 1/O Control Register (TIOR)

TIOR controls TGR. The TPU has eight TIOR registers, two each for channels 0 and 3, a
each for channels 1, 2, 4, and 5. Care is required since TIOR is affected by the TMDR se

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counte:
cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the r
operates as a buffer register.

To designate the input capture pin in TIOR, the DDR bit and ICR bit for the correspondir
should be set to 0 and 1, respectively. For details, see section 9, I/O Ports.
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R/W

R/W

R/W

R/W

R/W R/W

R/W R/W

e TIORH_O0, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Initial
Bit Bit Name Value R/W Description
7 10B3 0 R/W I/O Control B3 to BO
6 10B2 0 R/W Specify the function of TGRB.
5 10B1 0 R/W For details, see tables 10.13, 10.15, 10.16, 10.
4 I0BO 0 R/W and 10.20.
3 IOA3 0 R/W I/O Control A3 to A0
2 I0A2 0 R/W Specify the function of TGRA.
1 I0A1 0 R/W For details, see tables 10.21, 10.23, 10.24, 10.
0 I0A0 0 R/W and 10.28.
e TIORL_O, TIORL_3:
Initial
Bit Bit Name Value R/W Description
7 10D3 0 R/W I/O Control D3 to DO
6 I0D2 0 R/W Specify the function of TGRD.
5 10D1 0 R/W For details, see tables 10.14 and 10.18.
4 10D0 0 R/W
3 10C3 0 R/W I/O Control C3 to CO
2 10C2 0 R/W Specify the function of TGRC.
1 10CH1 0 R/W For details, see tables 10.22 and 10.26.
0 10C0 0 R/W

RENESAS
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBO pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCBO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count

Input capture at TCNT_1 count-up/coun

[Legend]
X: Don't care

Note: When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as the T(
count clock, this setting is invalid and input capture is not generated.
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCDO pin
capture , Input capture at rising edge
register*

1 0 0 1 Capture input source is TIOCDO pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCDO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/coun
Input capture at TCNT_1 count-up/coul

[Legend]
X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as t
TCNT_1 count clock, this setting is invalid and input capture is not generated

2. When the BFB bit in TMDR_0 is set to 1 and TGRD_O is used as a buffer reg
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB1 pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCB1 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCB1 pin
Input capture at both edges

1 1 X X TGRC_0 compare match/input capture

Input capture at generation of TGRC_O «
match/input capture

[Legend]
X: Don't care
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0 0 Initial output is O output
Toggle output at compare match
1 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 Initial output is 1 output
1 output at compare match
0 1 Initial output is 1 output
Toggle output at compare match
1 X Input Capture input source is TIOCB2 pin
capture Input capture at rising edge
register
1 X Capture input source is TIOCB2 pin
Input capture at falling edge
1 X Capture input source is TIOCB2 pin
Input capture at both edges
[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBS3 pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCBS3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBS pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count

Input capture at TCNT_4 count-up/coun

[Legend]
X: Don't care

Note: When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as the T(
count clock, this setting is invalid and input capture is not generated.
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCD3 pin
capture , Input capture at rising edge
register*
1 0 0 1 Capture input source is TIOCD3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCD3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/coun

Input capture at TCNT_4 count-up/coul

[Legend]
X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as t
TCNT_4 count clock, this setting is invalid and input capture is not generated

2. When the BFB bit in TMDR_3 is set to 1 and TGRD_3 is used as a buffer reg
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB4 pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCB4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB4 pin
Input capture at both edges
1 1 X X Capture input source is TGRC_3 compa

match/input capture

Input capture at generation of TGRC_3
match/input capture

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB5 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCB5 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB5 pin
Input capture at both edges
[Legend]
X: Don't care
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAO pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCAO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count

Input capture at TCNT_1 count-up/coun

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCCO pin
capture Input capture at rising edge
register*

1 0 0 1 Capture input source is TIOCCO pin
Input capture at falling edge

1 0 1 X Capture input source is TIOCCO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/coun
Input capture at TCNT_1 count-up/coul

[Legend]
X: Don't care

Note: 1. When the BFA bit in TMDR_O is set to 1 and TGRC_OQ is used as a buffer reg
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAT1 pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCAT1 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAT1 pin
Input capture at both edges
1 1 X X Capture input source is TGRA_0O compa

match/input capture

Input capture at generation of channel O
compare match/input capture

[Legend]
X: Don't care
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0 0 Initial output is O output
Toggle output at compare match
1 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 Initial output is 1 output
1 output at compare match
0 1 Initial output is 1 output
Toggle output at compare match
1 X Input Capture input source is TIOCA2 pin
capture Input capture at rising edge
register
1 X Capture input source is TIOCA2 pin
Input capture at falling edge
1 X Capture input source is TIOCA2 pin
Input capture at both edges
[Legend]
X: Don't care

Rev. 2.00 Jun. 28, 2007 Pag

RENESAS REJOS



0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAS pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCAS pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAS pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count

Input capture at TCNT_4 count-up/coun

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCC3 pin
capture Input capture at rising edge
register*

1 0 0 1 Capture input source is TIOCC3 pin
Input capture at falling edge

1 0 1 X Capture input source is TIOCC3 pin
Input capture at both edges

1 1 X X Capture input source is channel 4/coun
Input capture at TCNT_4 count-up/coul

[Legend]
X: Don't care

Note: * When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer reg
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA4 pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCA4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA4 pin
Input capture at both edges
1 1 X X Capture input source is TGRA_3 compa

match/input capture

Input capture at generation of TGRA_3 «
match/input capture

[Legend]
X: Don't care
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Initial output is O output
Toggle output at compare match

Output disabled

Initial output is 1 output
0 output at compare match

0 1 Initial output is 1 output
1 output at compare match
0 1 Initial output is 1 output
Toggle output at compare match
1 X Input Input capture source is TIOCA5 pin
capture Input capture at rising edge
register
1 X Input capture source is TIOCA5 pin
Input capture at falling edge
1 X Input capture source is TIOCAS5 pin
Input capture at both edges
[Legend]
X: Don't care

Rev. 2.00 Jun. 28, 2007 Pag

RENESAS REJOS



Bit Bit Name

inictal
value R/W

Description

7 TTGE

0 R/W

A/D Conversion Start Request Enable

Enables/disables generation of A/D conversion ¢
requests by TGRA input capture/compare matct

0: A/D conversion start request generation disak
1: A/D conversion start request generation enab

Reserved
This is a read-only bit and cannot be modified.

5 TCIEU

0 R/W

Underflow Interrupt Enable

Enables/disables interrupt requests (TCIU) by th
flag when the TCFU flag in TSR is set to 1 in ch:
2,4, and 5.

In channels 0 and 3, bit 5 is reserved. It is alway
0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV

0 R/W

Overflow Interrupt Enable

Enables/disables interrupt requests (TCIV) by th
flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
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i ittt iR

Enables/disables interrupt requests (TGIC) by 1
bit when the TGFC bit in TSR is set to 1 in chat
and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It i
read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC bit disab!
1: Interrupt requests (TGIC) by TGFC bit enabl

1

TGIEB

0

R/W

TGR Interrupt Enable B

Enables/disables interrupt requests (TGIB) by t
bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabl
1: Interrupt requests (TGIB) by TGFB bit enabl

0

TGIEA

0

R/W

TGR Interrupt Enable A

Enables/disables interrupt requests (TGIA) by t
bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabl
1: Interrupt requests (TGIA) by TGFA bit enabls
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Initial
Bit Bit Name value R/W

Description

7 TCFD 1 R

Count Direction Flag

Status flag that shows the direction in which TCI
in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is alway
1 and cannot be modified.

0: TCNT counts down
1: TCNT counts up

Reserved
This is a read-only bit and cannot be modified.

5 TCFU 0 R/(W)*

Underflow Flag

Status flag that indicates that a TCNT underflow
occurred when channels 1, 2, 4, and 5 are set to
counting mode.

In channels 0 and 3, bit 5 is reserved. It is alway
0 and cannot be modified.

[Setting condition]

e When the TCNT value underflows (changes
H'0000 to H'FFFF)

[Clearing condition]

e When a 0 is written to TCFU after reading T(
(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)
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while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

3 TGFD 0 R/(W)* Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGl
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is
read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRD while TGRD is functic
output compare register

e When TCNT value is transferred to TGRD
capture signal while TGRD is functioning as
capture register

[Clearing conditions]

e When DTC is activated by a TGID interrupt
DISEL bitin MRB of DTC is O

e When 0 is written to TGFD after reading TG
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)
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hd VVIICH TUINT VAIucC 1o tdlioliclicU 10U 1 anu D)
capture signal while TGRC is functioning as |
capture register

[Clearing conditions]

e When DTC is activated by a TGIC interrupt v
DISEL bitin MRB of DTC is O

e When 0 is written to TGFC after reading TGF
(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)

1 TGFB 0 R/(W)*

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGR
capture or compare match.

[Setting conditions]

e When TCNT = TGRB while TGRB is functior
output compare register

e When TCNT value is transferred to TGRB by
capture signal while TGRB is functioning as |
capture register

[Clearing conditions]

e When DTC is activated by a TGIB interrupt w
DISEL bitin MRB of DTC is O

e When 0 is written to TGFB after reading TGF
(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)
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[Clearing conditions]

o When DTC is activated by a TGIA interrupt
DISEL bitin MRB of DTC is O

o When DMAC is activated by a TGIA interru
the DTA bit in DMDR of DMAC is 1

e When 0 is written to TGFA after reading TG
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

Note: * Only 0 can be written to clear the flag.
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Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

10.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register with a dual function as output compare and inp
capture registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two
channels 1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for
operation as buffer registers. The TGR registers cannot be accessed in 8-bit units; they m
always be accessed in 16-bit units. TGR and buffer register combinations during buffer o
are TGRA-TGRC and TGRB-TGRD.

Bit 15 14 13 12 11 10 9
Bit Name

Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
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inital

Bit Bit Name value R/W Description
7,6 — AllO R/W Reserved
These bits are always read as 0. The write valu
always be 0.
5 CST5 0 R/W Counter Start 5to 0
4 CST4 0 R/W These bits select operation or stoppage for TCI
3 CST3 0 R/W If O is written to the CST bit during operation wi
2 CST2 0 R/W TIOC p?n designated for output, the co_unter §to
TIOC pin output compare output level is retaine
1 CST1 0 R/W is written to when the CST bit is cleared to 0, tt
0 CSTO 0 R/W output level will be changed to the set initial ouf

0: TCNT_5 to TCNT_O count operation is stopf
1: TCNT_5 to TCNT_O performs count operatic
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inital

Bit Bit Name value R/W Description
7,6 — AllO R/W Reserved
These bits are always read as 0. The write value
always be 0.
5 SYNC5 0 R/W Timer Synchronization 5to 0
4 SYNC4 0 R/W These bits select whether operation is independ
3 SYNC3 0 R/W synchronized with other channels.
2 SYNC2 0 R/W When gynchronogs operation is selected, synchi
presetting of multiple channels, and synchronou:
1 SYNCH1 0 R/W through counter clearing on another channel are
0 SYNCO 0 R/W

To set synchronous operation, the SYNC bits fol
two channels must be set to 1. To set synchronc
clearing, in addition to the SYNC bit, the TCNT ¢
source must also be set by means of bits CCLR:
CCLRO in TCR.

0: TCNT_5 to TCNT_O operate independently (T
presetting/clearing is unrelated to other chanr

1: TCNT_5 to TCNT_O perform synchronous op
(TCNT synchronous presetting/synchronous «
is possible)

Rev. 2.00 Jun. 28, 2007 Page 444 of 864

REJ09B0341-0200

RENESAS



When one of bits CSTO to CSTS is set to 1 in TSTR, the TCNT counter for the correspc
channel starts counting. TCNT can operate as a free-running counter, periodic counter, :

(@) Exampleof count operation setting procedure

Figure 10.2 shows an example of the count operation setting procedure.

Operati lecti [1] Select the counter clock with
( peration sefection ) to TPSCO in TCR. At the sarr

| select the input clock edge wi

Select counter clock [1] CKEG1 and CKEGO in TCR.
[2] For periodic counter operatiot
] TGR to be used as the TCNT
. source with bits CCLR2 to CC
( Periodic counter ) Free-running counter TCR.
: [3] Designate the TGR selected i
Select counter clearing source | [2] output compare register by m
T TIOR.
Select output compare register | [3] [4] Set the periodic counter cycle
| selected in [2].
Set period [4] [5] Setthe CST bi_t in TSTR to 1
counter operation.
I
Start count [5] Start count (5]
<Periodic counter> <Free-running counter>

Figure10.2 Example of Counter Operation Setting Procedure
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H'0000

> Time

CST bit ; E

TCFV

Figure10.3 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the
channel performs periodic count operation. The TGR register for setting the period is des
as an output compare register, and counter clearing by compare match is selected by mea
CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts count-up ope
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
After a compare match, TCNT starts counting up again from H'0000.
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TGF | |—|

Figure10.4 Periodic Counter Operation

(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using a c

match.
(a) Example of setting procedure for waveform output by compare match

Figure 10.5 shows an example of the setting procedure for waveform output by a comps

. [1] Select initial value from 0-output or 1-output,
Output selection
and compare match output value from 0-output,

| 1-output, or toggle-output, by means of TIOR.
The set initial value is output on the TIOC pin
until the first compare match occurs.

Select waveform output mode [1]

Set output timing [21 [2] Setthe timing for compare match generation in
T TGR.
Start count [3] [38] Setthe CST bitin TSTR to 1 to start the count
l operation.

<Waveform output>

Figure10.5 Example of Setting Procedure for Waveform Output by Compare

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



TGRA

TGRB |---- T . ; :
H'0000 : : : : ; :
' ! I ~Nochange -~ No change
i 0 = 0 N
TIOCA ' I ' ' 1-output
TIOCB ~ No change ~No change O-output
Ny N

Figure10.6 Example of 0-Output/1-Output Operation
Figure 10.7 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing
by compare match B), and settings have been made so that output is toggled by both com
match A and compare match B.

TCNT value

»Tim

TIOCB i I h | , I | Toggle-ou
TIOCA ‘ | ‘ | Toggle-out

Figure10.7 Example of Toggle Output Operation
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(@) Example of setting procedure for input capture operation

Figure 10.8 shows an example of the setting procedure for input capture operation.

( Input selection )
| [1] Designate TGR as an input capture register by
means of TIOR, and select the input capture source
Select input capture input 1] and input signal edge (rising edge, falling

| edge, or both edges).

Start count [2] [2] Setthe CST bitin TSTR to 1 to start the count
* operation.

<Input capture operation>

Figure10.8 Example of Setting Procedurefor Input Capture Operatior
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H'0010 |- - m e e e

e

H'0005 |- - - - - PF 7 e N
H'0000 ; \\ ! .
TIOCA + |
= Loy E
TGRA X H0005 X H0160 | X H0010
TIOCB |

TR X X H0180

Figure10.9 Example of Input Capture Operation
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Figure 10.10 shows an example of the synchronous operation setting procedure.

selection

Set synchronous
operation

(Synchronous operation)

(Synchronous presetting)

Set TCNT

\
<Synchronous presetting>

[2]

(Synchronous cIearing)

Clearing
source generation
channel?

No

Select counter 3

clearing source (3]
|

Start count [5]

l

<Counter clearing>

Set synchronous
counter clearing

Start count

'

<Synchronous clearing>

Set the SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation t

When the TCNT counter of any of the channels designated for synchronous operation is written to, th
same value is simultaneously written to the other TCNT counters.

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

Set the CST bits in TSTR for the relevant channels to 1, to start the count operation.

Figure10.10 Example of Synchronous Operation Setting Procedure

RENESAS
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For details on PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

> Til

TCNT_0 to TCNT_2 values

\

A

e A (i R

4

TGRB_O [ - === nmmmmmmmm e e e

TGRB_1

TGRAQ f------------ Ao

TIOCA_O

TIOCA_1

TIOCA_2

Figure10.11 Example of Synchronous Operation
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Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_0 TGRD_0
3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding
transferred to the timer general register.

This operation is illustrated in figure 10.12.

Compare match signal

Timer general [\

Buffer register
9 register |/

Comparator K TCNT

Figure10.12 Compare Match Buffer Operation
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(1) Example of Buffer Operation Setting Procedure

Figure 10.14 shows an example of the buffer operation setting procedure.

( Buffer operation ) [1] Designate TGR as an input capture register or
| output compare register by means of TIOR.

Designate TGR for buffer operation with bits
BFA and BFB in TMDR.

Select TGR function [1] [2

Set buffer operation

Start count

:

<Buffer operation>

[3] Setthe CST bitin TSTR to 1 to start the count
[2] operation.

[3]

Figure10.14 Example of Buffer Operation Setting Procedure
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For details on PWM modes, see section 10.4.5, PWM Modes.

TCNT value

TGRB_0

TGRA_O |-—-

H'0000

TGRC_0 H'0200; ! H'0450 H'0520 L

B T
Transferi\ 5\1 E E\ \ E
- Y

TGRA_O H'0450

Figure10.15 Example of Buffer Operation (1)
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1UINT Value
A

H'OFO7 | --momemm-

HO9FB |-~ -------

H0532 |- ------

H'0000

TIOCA

TGRA

X H'0532 X HOF07 X HooFs

TGRC

X X H'0532 X HoFo7

Figure10.16 Example of Buffer Operation (2)
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Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is
and the counter operates independently in phase counting mode.

Table 10.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_A1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5

(1) Example of Cascaded Operation Setting Procedure

Figure 10.17 shows an example of the setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
T (channel 4) TCR to B'1111 to select TCNT_2
(TCNT_5) overflow/underflow counting.

Set cascading

T [2] Set the CST bit in TSTR for the upper and lower
channels to 1 to start the count operation.

Start count [2]

!

<Cascaded operation>

Figure10.17 Example of Cascaded Operation Setting Procedure
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>

TCNT_1 H'03A1 H'03A2

TCNT_2 I_l I_l
clock

TCNT_2  HFFFF X H'0000 X H'0001
TIOCAT,

TIOCA2 I L
TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure10.18 Example of Cascaded Operation (1)

Figure 10.19 illustrates the operation when counting upon TCNT_2 overflow/underflow |
set for TCNT_1, and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

TCLKC I | I I—I
TCLKD I | I | I

TCNT_2 FrroX_Frre XFrFEY 0000 X(ooot X ooo2 X ooot X oooo Y FFFF Y _

TCNT_1 0000 X 0001 X o000

Figure10.19 Example of Cascaded Operation (2)
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1here are two £ W IVl modes, as described below.

1.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with
TGRC with TGRD. The outputs specified by bits IOA3 to IOA0 and IOC3 to IOCO
are output from the TIOCA and TIOCC pins at compare matches A and C, respectiv
outputs specified by bits IOB3 to IOB0 and IOD3 to IODO in TIOR are output at co
matches B and D, respectively. The initial output value is the value set in TGRA or’
the set values of paired TGRs are identical, the output value does not change when a
match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty
registers. The output specified in TIOR is performed by means of compare matches.
counter clearing by a synchronous register compare match, the output value of each
initial value set in TIOR. If the set values of the cycle and duty cycle registers are id
output value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use w
synchronous operation.
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I 1AQRA_I HUUA HUUA

TGRB_1 TIOCBH1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2
3 TGRA_3 TIOCA3 TIOCAS
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3
4 TGRA_4 TIOCA4 TIOCA4
TGRB_4 TIOCB4
5 TGRA_5 TIOCA5 TIOCA5
TGRB_5 TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the cyc
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T 3 [4] Set the cycle in TGR selected in [2], and set the duty

Set TGR 4] in the other TGRs.
I [5] Select the PWM mode with bits MD3 to MDO in
Set PWM mode [5] TMDR.
I [6] Setthe CST bitin TSTR to 1 to start the count
Start count [6] operation.
<PWM mode>

Figure10.20 Example of PWM M ode Setting Procedure
(2) Examplesof PWM Mode Operation
Figure 10.21 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, O is set for tl
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the cycle, and the value set in TGRB regis
duty cycle.

TCNT value
Counter cleared by

TGRA tch
TGRA |oeommcece L GRAcomparematch -

TGRB |-----
H'0000

noos __| | | |

Figure10.21 Example of PWM M ode Operation (1)
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T1I0OCA I 0% duty !

TCNT value Output does not change when compare matches in cycle register
and duty register occur simultaneously
TGRB changed
TGRA oO—
TGRB
H'0000 !
TIOCA | 100% duty |_|

Output does not change when compare matches in cycle register
and duty register occur simultaneously

TGRB changed ,/O--—-—-—-—-—-—-—-—-—-—-—-

TCNT value

TGRA Y |-
TGRB changed i
1
TGRB -
' TGRB che
H'0000 ; [
TIOCA | E 100% duty 0% duty ;

Figure10.23 Example of PWM M ode Operation (3)
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This can be used for two-phase encoder pulse input.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an ind
whether TCNT is counting up or down.

Table 10.32 shows the correspondence between external clock pins and channels.
Table 10.32 Clock Input Pinsin Phase Counting Mode

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD
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Al
<Phase counting mode>

Figure10.24 Example of Phase Counting M ode Setting Procedure
(2) Examplesof Phase Counting Mode Operation

In phase counting mode, TCNT counts up or down according to the phase difference be
external clocks. There are four modes, according to the count conditions.
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' Yo '
'Down-count
1 N 1 1

Figure 10.25 Example of Phase Counting Mode 1 Operation

Table 10.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Iy Up-count
Low level L

Iy Low level

v High level

High level i Down-count
Low level Iy

Iy High level

L Low level

[Legend]

¥ Rising edge

i Falling edge
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Figure10.26 Example of Phase Counting Mode 2 Operation

Table 10.34 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Don't care
Low level i Don't care
Y Low level Don't care
T High level Up-count
High level T Don't care
Low level Ly Don't care
Y High level Don't care
T Low level Down-count
[Legend]

5 Rising edge

1 Falling edge

RENESAS
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: E ' Down-count |
V \\

Figure 10.27 Example of Phase Counting M ode 3 Operation

Table 10.35 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Don't care
Low level T Don't care
Y Low level Don't care
ia High level Up-count
High level ia Down-count
Low level Y Don't care
Y High level Don't care
i3 Low level Don't care
[Legend]

¥ Rising edge

1 Falling edge
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| : | : T 1 E DoWn—countl
: Up-count | I \

Figure 10.28 Example of Phase Counting M ode 4 Operation

Table 10.36 Up/Down-Count Conditionsin Phase Counting M ode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Up-count
Low level L

Y Low level Don't care
L High level

High level ia Down-count
Low level Y

Y High level Don't care
i3 Low level

[Legend]

¥ Rising edge

1 Falling edge
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in buffer mode. The channel 1 counter input clock is designated as the TGRB_O input caj
source, and the pulse width of 2-phase encoder 4-multiplication pulses is detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, channel 0 TGRA _
TGRC_0 compare matches are selected as the input capture source, and the up/down-cou
values for the control cycles are stored.

This procedure enables accurate position/speed detection to be achieved.

Channel 1
TCLKA Edge -
detection > TCNT_A1
TCLKB circuit
TGRA_1

(speed cycle capture)

| R

TGRB_1
(position cycle capture)

\_| TCNT_O

TGRA_O
(speed control cycle)

SIS

ANA

|

TGRC_0
(position control cycle)

U
ol
|

s

(1

TGRB_0 (pulse width capture)

I

—[>—> TGRD_O0 (buffer operation)

Channel 0

Figure10.29 Phase Counting Mode Application Example
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channel is fixed. For details, see section 5, Interrupt Controller.

Table 10.37 lists the TPU interrupt sources.

Table 10.37 TPU Interrupts

DTC
Activa
Channel Name Interrupt Source Interrupt Flag tion
0 TGIOA  TGRA_O input capture/compare match  TGFA_O O
TGIOB TGRB_0 input capture/compare match  TGFB_0 (0]
TGIOC  TGRC_O input capture/compare match  TGFC_O (0]
TGIOD  TGRD_O0 input capture/compare match  TGFD_O0 (0]
TCIOV ~ TCNT_O overflow TCFV_0 —
1 TGIHA  TGRA_1 input capture/compare match  TGFA_1 (0]
TGIHB TGRB_1 input capture/compare match  TGFB_1 (0]
TCHHV ~ TCNT_1 overflow TCFV_1 —
TCHU  TCNT_1 underflow TCFU_1 —
2 TGI2A  TGRA_2 input capture/compare match ~ TGFA_2 (0]
TGI2B  TGRB_2 input capture/compare match  TGFB_2 (0]
TCI2V  TCNT_2 overflow TCFV_2 —
TCl2U TCNT_2 underflow TCFU_2 —
3 TGI3A TGRA_3 input capture/compare match  TGFA_3 (0]
TGI3B  TGRB_3 input capture/compare match  TGFB_3 (0]
TGI3C  TGRC_3 input capture/compare match  TGFC_3 (0]
TGI3D  TGRD_3 input capture/compare match  TGFD_3 (0]
TCI3V TCNT_3 overflow TCFV_3 —

RENESAS
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TCI5U TCNT_5 underflow TCFU_5 —

[Legend]

O : Possible

—: Not possible

Note: This table shows the initial state immediately after a reset. The relative channel pri
levels can be changed by the interrupt controller.

(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is
by the occurrence of a TGR input capture/compare match on a channel. The interrupt req
cleared by clearing the TGF flag to 0. The TPU has 16 input capture/compare match inte
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSE
1 by the occurrence of a TCNT overflow on a channel. The interrupt request is cleared by
the TCFV flag to 0. The TPU has six overflow interrupts, one for each channel.

(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSE
1 by the occurrence of a TCNT underflow on a channel. The interrupt request is cleared t

clearing the TCFU flag to 0. The TPU has four underflow interrupts, one each for channe
and 5.
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For details, see section 7, DMA Controller (DMAC).

A total of six TPU input capture/compare match interrupts can be used as DMAC activa
sources, one for each channel.

10.8  A/D Converter Activation
The TGRA input capture/compare match for each channel can activate the A/D convert

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurr
TGRA input capture/compare match on a particular channel, a request to start A/D conv
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A
converter side at this time, A/D conversion is started.

In the TPU, a total of six TGRA input capture/compare match interrupts can be used as
converter conversion start sources, one for each channel.
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— 4 J 4 4 —J L L

Internal clock Elz Falling edge (b\}iising edge (I)\ Falling edge

TCNT input _l _l _l
clock -1

TCNT N-1 X N X N+ 1 X N+2

Figure10.30 Count Timingin Internal Clock Operation

- UL

External clock W\Fallmg edge Rising edge Falllng edge

TCNT input

clock

TCNT N-1 X N X N+ 1 L N2

Figure10.31 Count Timingin External Clock Operation
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-
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare match | |

signal

TIOC pin X

Figure 10.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 10.33 shows input capture signal timing.

i ST L

II:FF:S;( capture I |

Input capture I_l I_l

signal

TCNT ) N YN+t X N+2§ ) X:
\ \

TGR X N X N+2

Figure10.33 Input Capture Input Signal Timing
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TCNT N X H'0000

TGR N

Figure10.34 Counter Clear Timing (Compare Match)

P O I I I
Input capture I_l
signal |

Counter clear H | |
signal —

TCNT N ; X H'0000
\
TGR X N

Figure10.35 Counter Clear Timing (Input Capture)
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1GRB L J\

TGRC,
TGRD .

Figure10.36 Buffer Operation Timing (Compare Match)

S I S S 0
St [ [
N

TCNT N X N+1

N :
TGRA, n ) N b N
TGRB : :

\ \
TGRC, X n X N
TGRD

Figure 10.37 Buffer Operation Timing (Input Capture)

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



TCNT N X N+ 1

TGR N
Compare match | |
signal

TGF flag |

TGl interrupt |

Figure10.38 TGI Interrupt Timing (Compare Match)
(2) TGF Flag Setting Timing in Case of Input Capture

Figure 10.39 shows the timing for setting of the TGF flag in TSR by input capture occurr
the TGI interrupt request signal timing.

A ST e
Input capture I_l
signal

TCNT

b

~
X

TGR

TGF flag |

TGl interrupt |

Figure10.39 TGI Interrupt Timing (Input Capture)

Rev. 2.00 Jun. 28, 2007 Page 478 of 864
REJ09B0341-0200 RENESAS



TCNT ) :
(overfiow) HFFFF X Hoooo
Overflow signal | |
TCFV flag |

TCIV interrupt |

Figure10.40 TCIV Interrupt Setting Timing

TCNT input
clock

TCNT
(underflow)

Underflow signal | |

TCFU flag |

il ipinl
]

H0000 X HFFFF

TCIU interrupt |

Figure10.41 TCIU Interrupt Setting Timing
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Address X TSR address X

Write | I

Status flag |

Interrupt request |
signal

Figure10.42 Timingfor Status Flag Clearing by CPU

The status flag and interrupt request signal are cleared in synchronization with P¢ after th
DMAC transfer has started, as shown in figure 10.43. If conflict occurs for clearing the st
and interrupt request signal due to activation of multiple DTC or DMAC transfers, it will
to five clock cycles (P¢) for clearing them, as shown in figure 10.44. The next transfer re
masked for a longer period of either a period until the current transfer ends or a period fo
clock cycles (P¢) from the beginning of the transfer. Note that in the DTC transfer, the st
may be cleared during outputting the destination address.
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signal L L

Figure 10.43 Timingfor Status Flag Clearing by DTC or DMAC Activatior

DTC/DMAC
write cycle

DTC/DMAC

Po

Address X Source address X Destination address
Period in which the next transfer request is masked |

Status flag | Period of flag clearing |

Interrupt request | Period of interrupt request signal clearing |

signal

Figure 10.44 Timingfor Status Flag Clearing by DTC or DMAC Activatior
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The input clock pulse width must be at least 1.5 states in the case of single-edge detectior
least 2.5 states in the case of both-edge detection. The TPU will not operate properly witl
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks n
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.45 shows the ing
conditions in phase counting mode.

. Phase Phase . . . .

, difference difference , , , .

E Overlap E :Overlapi E E Pulse width E E Pulse width E
TCLKA : . : ' | '
(TCLKC) H H H . .
TCLKB 5 5 5 —
(TCLKD) | | \ h

I
]
'
'
[ — | '
' '
'
'

L‘—»‘ !
\ Pulse width Pulse width |

Note: Phase difference, Overlap > 1.5 states
Pulse width > 2.5 states

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting N
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10.10.4 Conflict between TCNT Write and Clear Operations

If the counter clearing signal is generated in the T2 state of a TCNT write cycle, TCNT
takes precedence and the TCNT write is not performed. Figure 10.46 shows the timing i
case.

TCNT write cycle

|<L>+<TL>|
& JU LT
Address X TCNT address X

Write | I
Counter clear l_l
signal

TONT N X H'0000

Figure 10.46 Conflict between TCNT Writeand Clear Operations
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Write | I
TCNT input I_l
clock

X«

TCNT N
TCNT write data

M

Figure 10.47 Conflict between TCNT Writeand Increment Operations

10.10.6 Conflict between TGR Writeand Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write takes prec
and the compare match signal is disabled. A compare match also does not occur when the
value as before is written.

Figure 10.48 shows the timing in this case.

TGR write cycle
T, T,

R |
i ijEpERERERERERERERE
Address X TGR addressX

Write | I

Compare match e

signal
TCNT N X N+ 1
TGR N X M

TGR write data

Figure 10.48 Conflict between TGR Write and Compare Match
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Buffer register
Address X address X

Write

! Data written to buffer register
signal

Buffer register N

L

Compare match I_l
X
A

§<>—-§‘

TGR

Figure10.49 Conflict between Buffer Register Writeand Compare Matc

10.10.8 Conflict between TGR Read and I nput Capture

If the input capture signal is generated in the T1 state of a TGR read cycle, the data that
will be the data after input capture transfer.

Figure 10.50 shows the timing in this case.
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Ik)nJSernaI data X M X

Figure10.50 Conflict between TGR Read and Input Capture

10.10.9 Conflict between TGR Writeand Input Capture

If the input capture signal is generated in the T2 state of a TGR write cycle, the input cap
operation takes precedence and the write to TGR is not performed.

Figure 10.51 shows the timing in this case.

TGR write cycle
|<T—1>|<L>|
Fo JU LT
Address X TGR address X

Write | I
Input capture I_l
signal

TCNT Y
\
TGR I ™

Figure10.51 Conflict between TGR Writeand Input Capture
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Buffer register
Address x address x

Write

Input capture

AL

signal

TCNT i N
N

TGR M ' X N
\

Buffer register X M

Figure10.52 Conflict between Buffer Register Writeand Input Capture

10.10.11 Conflict between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flag
not set and TCNT clearing takes precedence.

Figure 10.53 shows the operation timing when a TGR compare match is specified as the
source, and H'FFFF is set in TGR.
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Figure10.53 Conflict between Overflow and Counter Clearing

10.10.12 Conflict between TCNT Write and Overflow/Under flow

If an overflow/underflow occurs due to increment/decrement in the T2 state of a TCNT v
cycle, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 10.54 shows the operation timing when there is conflict between TCNT write and
overflow.

TGR write cycle

<—>|-<—>|
i i B
Address X TCNT address X
Write | I /TCNT write data
TONT H'FFFF ) M

TCFV flag !

Figure10.54 Conflict between TCNT Write and Overflow
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be disabled before entering the module stop state.
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Four output groups
Selectable output trigger signals

Non-overlapping mode

Can operate together with the data transfer controller (DTC) and DMA controller (D

Inverted output can be set

Module stop state specifiable

Compare match signals

NDERH NDERL
Control logic PMR PCR

PO15 <+
PO14 <«—{ Pulse output
Eg}g ~+—{ pins, group 3

<—]
PO{] <— """ PODRH ----NDRH----
PO10 <«—{ Pulse output
PO9 < pins, group 2
PO8 ~— .
PO7 ]
PO6 —<—{ Pulse output
Egi ~+—{ pins, group 1

<—
PO3 < 7T PODRL ---- NDRL----
PO2 -<—{ Pulse output
PO1 < pins, group 0
PO0 ——] \
[Legend] (

PMR: PPG output mode register

PCR: PPG output control register
NDERH: Next data enable register H
NDERL: Next data enable register L

NDRH: Next data register H
NDRL: Next data register L
PODRH: Output data register H
PODRL: Output data register L

Inte
date

Figure1l.1 Block Diagram of PPG

RENESAS
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ryvilc uiputl
PO11 Output Group 2 pulse output
PO10 Output
PO9 Output
PO8 Output
PO7 Output Group 1 pulse output
PO6 Output
PO5 Output
PO4 Output
PO3 Output Group 0 pulse output
PO2 Output
PO1 Output
POO Output

Rev. 2.00 Jun. 28, 2007 Page 492 of 864

REJ09B0341-0200

RENESAS



e PPG output control register (PCR)

e PPG output mode register (PMR)

11.3.1 Next Data Enable RegistersH, L (NDERH, NDERL)
NDERH and NDERL enable/disable pulse output on a bit-by-bit basis.

e NDERH

Bit 7 6 5 4 3 2 1

Bit Name NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W RW RW RW
e NDERL
Bit 7 6 5 4 3 2 1

Bit Name NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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0 NDERS 0 R/W
e NDERL
Initial
Bit Bit Name Value R/W Description
7 NDER7 0 R/W Next Data Enable 7 to 0
6 NDER6 0 R/W When a bit is set to 1, the value in the correspor
5 NDER5 0 R/W NDRL bi't is transferred to the PODRL bit by the
output trigger. Values are not transferred from N
4 NDER4 0 RW " PODRL for cleared bits.
3 NDERS3 0 R/W
2 NDER2 0 R/W
1 NDER1 0 R/W
0 NDERO 0 R/W
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e PODRL

Bit 7 6 5 4 3 2 1

Bit Name POD7 POD6 POD5 POD4 POD3 POD2 POD1

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
e PODRH

Initial
Bit Bit Name Value R/W Description
7 POD15 0 R/W Output Data Register 15 to 8
6 POD14 0 R/W For bits which have been set to pulse output by
5 POD13 0 R/W the output trigger transfers NDRH values to thic
during PPG operation. While NDERH is set to -

4 POD12 0 R/W cannot write to this register. While NDERH is cl
3 POD11 0 R/W initial output value of the pulse can be set.
2 POD10 0 R/W
1 POD9 0 R/W
0 POD8 0 R/W
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0 PODO 0 R/W

11.3.3 Next Data RegistersH, L (NDRH, NDRL)

NDRH and NDRL store the next data for pulse output. The NDR addresses differ depend
whether pulse output groups have the same output trigger or different output triggers.

e NDRH
Bit 7 6 5 4 3 2 1
Bit Name NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
e NDRL
Bit 7 6 5 4 3 2 1
Bit Name NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDRH1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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2 NDR10 0 R/W
1 NDR9 0 R/W
0 NDR8 0 R/W
If pulse output groups 2 and 3 have different output triggers, the upper four bits and
bits are mapped to different addresses as shown below.
Initial
Bit Bit Name Value R/W Description
7 NDR15 0 R/W Next Data Register 15 to 12
6 NDR14 0 R/W The register contents are transferred to the
5 NDR13 0 R/W corresponding PODRH bits by the output trigge
with PCR.
4 NDR12 0 R/W
3to0 — All 1 — Reserved
These bits are always read as 1 and cannot be
Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1 and cannot be
3 NDR11 0 R/W Next Data Register 11 to 8
2 NDR10 0 R/W The register contents are transferred to the
1 NDR9 0 R/W corresponding PODRH bits by the output trigge
with PCR.
0 NDR8 0 R/W
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2 NDR2
1 NDR1
0 NDRO

0
0
0

R/W
R/W
R/W

If pulse output groups 0 and 1 have different output triggers, the upper four bits and 1
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR7 0 R/W Next Data Register 7 to 4
6 NDR6 0 R/W The register contents are transferred to the
5 NDR5 0 R/W corresponding PODRL bits by the output trigger
with PCR.
4 NDR4 0 R/W
3to0 — All 1 — Reserved
These bits are always read as 1 and cannot be
Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1 and cannot be
3 NDR3 0 R/W Next Data Register 3 to 0
2 NDR2 0 R/W The register contents are transferred to the
1 NDR1 0 R/W corresponding PODRL bits by the output trigger
with PCR.
0 NDRO 0 R/W
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Bit

Bit Name

Initial
Value

R/W

Description

G3CMST
G3CMS0

1
1

R/W
R/W

Group 3 Compare Match Select 1 and 0

These bits select output trigger of pulse output

00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3

G2CMSH
G2CMS0

R/W
R/W

Group 2 Compare Match Select 1 and 0

These bits select output trigger of pulse output

00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3

G1CMS1
G1CMS0

R/W
R/W

Group 1 Compare Match Select 1 and 0

These bits select output trigger of pulse output

00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3

GOCMST
GOCMSO0

R/W
R/W

Group 0 Compare Match Select 1 and 0

These bits select output trigger of pulse output

00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
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Initial Value

R/W R/W

Bit Bit Name

1

R/W

Initial
Value

R/W

R/W

R/W R/W R/W R/W

Description

7 G3INV

1

R/W

Group 3 Inversion

Selects direct output or inverted output for pulse
group 3.

0: Inverted output
1: Direct output

6 G2INV

1

R/W

Group 2 Inversion

Selects direct output or inverted output for pulse
group 2.

0: Inverted output
1: Direct output

5 G1INV

1

R/W

Group 1 Inversion

Selects direct output or inverted output for pulse
group 1.

0: Inverted output
1: Direct output

4 GOINV

1

R/W

Group 0 Inversion

Selects direct output or inverted output for pulse
group 0.

0: Inverted output
1: Direct output
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output group 2.

0: Normal operation (output values updated at
match A in the selected TPU channel)

1: Non-overlapping operation (output values up
compare match A or B in the selected TPU c

1

G1NOV

0

R/W

Group 1 Non-Overlap

Selects normal or non-overlapping operation fo

output group 1.

0: Normal operation (output values updated at «
match A in the selected TPU channel)

1: Non-overlapping operation (output values up
compare match A or B in the selected TPU c

0

GONOV

0

R/W

Group 0 Non-Overlap

Selects normal or non-overlapping operation fo

output group 0.

0: Normal operation (output values updated at «
match A in the selected TPU channel)

1: Non-overlapping operation (output values up
compare match A or B in the selected TPU c
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Output trigger signal

C

. Q PODR D|<«—Q NDR D |<—nternal data bus
Pulse output pin D<—<<—

Normal output/inverted output

Figure11.2 Schematic Diagram of PPG

11.4.1 Output Timing

If pulse output is enabled, the NDR contents are transferred to PODR and output when th
specified compare match event occurs. Figure 11.3 shows the timing of these operations |
case of normal output in groups 2 and 3, triggered by compare match A.

Po S I I I I O
TCNT X N X N+t X

TGRA N

Compare match | |

A signal

NDRH n

PODRH m X  An
PO8 to PO15 m X n

Figure11.3 Timing of Transfer and Output of NDR Contents (Example)
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Select interrupt request |[4]

f | Set initial output data |[5]

|
| Enable pulse output |[6]

PPG setup < |
| Select output trigger | [71

|
Set next pulse 18]

output data

) |

TPU setup | Start counter |[9]

Compare match?

No

Yes

Set next pulse
output data

[10]

1%

[5]

[6]

[7]

[8]
[9]

[10]

enable tne 1 GIA Interruptin Hiemn. 1l
DTC or DMAC can also be set up to
transfer data to NDR.

Set the initial output values in PODR.

Set the bits in NDER for the pins to be
used for pulse output to 1.

Select the TPU compare match event
be used as the output trigger in PCR.

Set the next pulse output values in NI

Set the CST bitin TSTR to 1 to start t
TCNT counter.

At each TGIA interrupt, set the next
output values in NDR.

Figure11.4 Setup Procedurefor Normal Pulse Output (Example)
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Figure11.5 Normal Pulse Output Example (5-Phase Pulse Output)

1. Set up TGRA in TPU which is used as the output trigger to be an output compare reg;
a cycle in TGRA so the counter will be cleared by compare match A. Set the TGIEA
TIER to 1 to enable the compare match/input capture A (TGIA) interrupt.

2. Write H'F8 to NDERH, and set bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 in
select compare match in the TPU channel set up in the previous step to be the output
Write output data H'80 in NDRH.

3. The timer counter in the TPU channel starts. When compare match A occurs, the ND]
contents are transferred to PODRH and output. The TGIA interrupt handling routine
next output data (H'CO) in NDRH.

4. 5-phase pulse output (one or two phases active at a time) can be obtained subsequentl
writing H'40, H'60, H20, H'30, H'10, H'18, H'08, H'88... at successive TGIA interrup
If the DTC or DMAC is set for activation by the TGIA interrupt, pulse output can be
without imposing a load on the CPU.
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c Interne
Pulse D C ( IQ PODR D} e—Q NDR Dj<— 4aia b
output pin

Normal output/inverted output

Compare match
Compare match

Figure11.6 Non-Overlapping Pulse Output

Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur
compare match A.

The NDR contents should not be altered during the interval from compare match B to cc
match A (the non-overlapping margin).

This can be accomplished by having the TGIA interrupt handling routine write the next
NDR, or by having the TGIA interrupt activate the DTC or DMAC. Note, however, that
data must be written before the next compare match B occurs.
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o |
Do not write here Do not write here
to NDR here to NDR here

Figure11.7 Non-Overlapping Operation and NDR Write Timing
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| Select interrupt request | [4]
( | Set initial output data | [5]
| Enable pullse output | [6]
PPG setup < | Select out%)uttrigger |[7]
| Set non-overlapping groups | [8]
Set nexlt pulse (9]
L output data
TPU setup | Start clounter | [10]
= No

Compare match A?

Yes

Set next pulse
output data

1]

[4]

[5]

[6]

[71

(8]

[9]
[10]

1]

counter clear source with bits CCLR1
and CCLRO.

Enable the TGIA interrupt in TIER. T
DTC or DMAC can also be set up to
transfer data to NDR.

Set the initial output values in PODR.

Set the bits in NDER for the pins to b
used for pulse output to 1.

Select the TPU compare match even
be used as the pulse output trigger in
PCR.

In PMR, select the groups that will
operate in non-overlapping mode.

Set the next pulse output values in N

Set the CST bitin TSTR to 1 to start
TCNT counter.

At each TGIA interrupt, set the next
output values in NDR.

Figure11.8 Setup Procedurefor Non-Overlapping Pulse Output (Examp!

11.4.6  Example of Non-Overlapping Pulse Output (Example of 4-Phase Comple

Non-Overlapping Pulse Output)

Figure 11.9 shows an example in which pulse output is used for 4-phase complementary

overlapping pulse output.

RENESAS
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Figure11.9 Non-Overlapping Pulse Output Example (4-Phase Complementa

1. Set up the TPU channel to be used as the output trigger channel so that TGRA and T(
output compare registers. Set the cycle in TGRB and the non-overlapping margin in ]
and set the counter to be cleared by compare match B. Set the TGIEA bit in TIER to
enable the TGIA interrupt.

2. Write H'FF to NDERH, and set bits G3CMS1, G3CMSO0, G2CMS1, and G2CMSO0 in
select compare match in the TPU channel set up in the previous step to be the output
Set bits G3ANOV and G2NOV in PMR to 1 to select non-overlapping pulse output.
Write output data H'95 to NDRH.

3. The timer counter in the TPU channel starts. When a compare match with TGRB occ
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs chan
to 1 (the change from O to 1 is delayed by the value set in TGRA).

The TGIA interrupt handling routine writes the next output data (H'65) to NDRH.
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the settings of figure 11.9.

TCNT value

¢ T S P
TCNT

—T

T ! : : :
ors o6 R e X X e R e X e X
S e
pore T

PO13

GS;XZiX

PO15

PO12

PO11

PO10

PO9

.1

Figure11.10 Inverted Pulse Output (Example)
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Input capture \"—‘
signal

NDR N
PODR M X TSN
PO M X N

Figure11.11 Pulse Output Triggered by Input Capture (Example)
11.5 Usage Notes

1151 Module Stop State Setting

PPG operation can be disabled or enabled using the module stop control register. The init
is for PPG operation to be halted. Register access is enabled by clearing the module stop
details, refer to section 20, Power-Down Modes.

11.5.2  Operation of Pulse Output Pins

Pins POO to PO15 are also used for other peripheral functions such as the TPU. When ou
another peripheral function is enabled, the corresponding pins cannot be used for pulse o1
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of |
of the pins.

Pin functions should be changed only under conditions in which the output trigger event
occur.
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12.1 Features

e Selection of seven clock sources

The counters can be driven by one of six internal clock signals (P¢/2, P¢/8, Pd/32, P
P¢/1024, or P$/8192) or an external clock input.

e Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal
e Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two indep
compare match signals, enabling the timer to output pulses with a desired duty cycle
output.

e (Cascading of two channels (TMR_0 and TMR_1)

Operation as a 16-bit timer is possible, using TMR_0 for the upper 8 bits and TMR _
lower 8 bits (16-bit count mode).

TMR_1 can be used to count TMR_0 compare matches (compare match count mode
o Three interrupt sources

Compare match A, compare match B, and overflow interrupts can be requested inde
e Generation of trigger to start A/D converter conversion

e Module stop state specifiable
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A

TMOO ~—— " Overflow 0

| TCNT.O0 I:I TCNT_1
T™MO1 «— Counter clear 0 yd
Counter clear 1 /
Compare match B1

Compare match BO | Comparator B_0 I:' Comparator B_1 |

Control
TRt ogic [ A
—_—
| Ttcomso [ Tcoms1 K

A/D | j
conversion

start request T
signal [ toro | tor1 KT
[ Ttccro [ Tcort1 K
L . cmiao
CMIA1

—————————— CMIBO

TCSR_0 |:| TCSR_1

——————————— CMIB1

————————————=0VIo

ovit

Interrupt signals

[Legend]

TCORA_O: Time constant register A_0 TCORA_1: Time constant register A_1
TCNT_O:  Timer counter_0 TCNT_1:  Timer counter_1

TCORB_0: Time constant register B_0 TCORB_1: Time constant register B_1
TCSR_0:  Timer control/status register_0 TCSR_1:  Timer control/status register_1
TCR_O: Timer control register_0 TCR_1: Timer control register_1
TCCR_0:  Timer counter control register_0 TCCR_1:  Timer counter control register_1

Figure12.1 Block Diagram of 8-Bit Timer Module (Unit 0)
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T™MO2 ~——
T™O3 o

TMRI2 —
TMRI3

AD -
conversion
start request
signal

Overflow 3

1/

Overflow 2

Counter clear 2

TCNT_2 I:I TCNT_3

/!

Counter clear 3

/

Compare match B3

Control
logic

Compare match B2 | Comparator B_2 I:' Comparator B*3|

] ]
[ Tcoms2 | Tcomss KT

b

TCSR_2 |:| TCSR_3

K—

TCR_2 I:' TCR_3

K—

[Legend]

TCORA_2: Time constant register A_2
TCNT_2:  Timer counter_2

I—» CMIA2
CMIA3

———————————= CMIB2

——————————————>CMIB3

= 0VI2

oVvI3

Interrupt signals

TCCR_2 |:| TCCR_3

K—

TCORA_3: Time constant register A_3

TCNT_3:  Timer counter_3
TCORB_2: Time constant register B_2 TCORB_3: Time constant register B_3
TCSR_2:  Timer control/status register_2 TCSR_3:  Timer control/status register_3
TCR_2: Timer control register_2 TCR_3: Timer control register_3
TCCR_2:  Timer counter control register_2 TCCR_3:  Timer counter control register_3

Figure12.2 Block Diagram of 8-Bit Timer Module (Unit 1)
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Yulputlo Lulipalc iiatull

Timer clock input pin

TMCH Input

Inputs external clock for co

Timer reset input pin TMRIA Input  Inputs external reset to col
1 2 Timer output pin TMO2 Output Outputs compare match
Timer clock input pin TMCI2  Input  Inputs external clock for co
Timer reset input pin TMRI2  Input  Inputs external reset to col
3 Timer output pin TMOS3 Output Outputs compare match
Timer clock input pin TMCI3  Input  Inputs external clock for co
Timer reset input pin TMRI3 Input Inputs external reset to cot

12.3 Register Descriptions

The TMR has the following registers.

Unit O:

e Channel 0

— Timer counter_0 (TCNT_0)
— Time constant register A_0 (TCORA_0)
— Time constant register B_0 (TCORB_0)
— Timer control register_0 (TCR_0)

— Timer counter control register_0 (TCCR_0)
— Timer control/status register_0 (TCSR_0)
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— Timer counter_2 (TCNT_2)

— Time constant register A_2 (TCORA_2)
— Time constant register B_2 (TCORB_2)
— Timer control register_2 (TCR_2)

— Timer counter control register_2 (TCCR_2)
— Timer control/status register_2 (TCSR_2)

e Channel 3
— Timer counter_3 (TCNT_3)
— Time constant register A_3 (TCORA_3)
— Time constant register B_3 (TCORB_3)
— Timer control register_3 (TCR_3)
— Timer counter control register_3 (TCCR_3)
— Timer control/status register_3 (TCSR_3)
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LC 3 N N N I N I

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [0

R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/

12.3.2 TimeConstant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise a sing
register so they can be accessed together by a word transfer instruction. The value in TC(
continually compared with the value in TCNT. When a match is detected, the correspond
CMFA flag in TCSR is set to 1. Note however that comparison is disabled during the T2
TCORA write cycle. The timer output from the TMO pin can be freely controlled by this
match signal (compare match A) and the settings of bits OS1 and OS0 in TCSR. TCORA
initialized to H'FF.

o TCORA_O TCORA 1 —
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1
sivame | [ [ [ | [ [ [ [ [ [ [ | | |
Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/
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gtNeme [ | | |

Initial Value 1 1 1 1 1 1 1 1 1 1 1 1
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW F
1234 Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition for clearing TCNT, and enables/c

interrupt requests.

Bit 7 6 5 4 3 2 1
Bit Name CMIEB CMIEA OVIE CCLRT1 CCLRO CKS2 CKs1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W RIW RW
Initial
Bit Bit Name  Value R/W Description
7 CMIEB 0 R/W Compare Match Interrupt Enable B
Selects whether CMFB interrupt requests (CN
enabled or disabled when the CMFB flag in T
to 1.
0: CMFB interrupt requests (CMIB) are disabl
1: CMFB interrupt requests (CMIB) are enabl
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to 1.
0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

4 CCLR1 R/W Counter Clear 1 and 0*
3 CCLRO R/W These bits select the method by which TCNT i
00: Clearing is disabled
01: Cleared by compare match A
10: Cleared by compare match B
11: Cleared at rising edge (TMRIS in TCCR is
to 0) of the external reset input or when the
reset input is high (TMRIS in TCCR is set |
2 CKS2 0 R/W Clock Select 2 to 0*
1 CKS1 0 R/W These bits select the clock input to TCNT and
0 CKSO 0 R/W condition. See table 12.2.

Note: * To use an external reset or external clock, the DDR and ICR bits in the corresj
pin should be set to 0 and 1, respectively. For details, see section 9, /O Ports.
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DIt

DIl INallitc

Vv

aluc

n/vv

veoLlipuutl

7t04

R/W

Reserved

These bits are always read as 0. The write va
always be 0.

TMRIS

R/W

Timer Reset Input Select

Selects an external reset input when the CCL
CCLRO bits in TCR are B'11.

0: Cleared at rising edge of the external reset

1: Cleared when the external reset is high

R/W

Reserved

This bit is always read as 0. The write value s
always be 0

ICKS1
ICKSO

R/W
R/W

Internal Clock Select 1 and O

These bits in combination with bits CKS2 to C
TCR select the internal clock. See table 12.2.
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0 0 0 Uses internal clock. Counts at rising edge of P
0 1 Uses internal clock. Counts at rising edge of P
1 0 Uses internal clock. Counts at falling edge of F
1 1 Uses internal clock. Counts at falling edge of F

0 0 0 Uses internal clock. Counts at rising edge of P
0 1 Uses internal clock. Counts at rising edge of P
1 0 Uses internal clock. Counts at falling edge of F
1 1 Uses internal clock. Counts at falling edge of F

1 — — Counts at TCNT_1 overflow signal*'.

TMR_1 0 — — Clock input prohibited.

0 0 0 Uses internal clock. Counts at rising edge of P
0 1 Uses internal clock. Counts at rising edge of P
1 0 Uses internal clock. Counts at falling edge of F
1 1 Uses internal clock. Counts at falling edge of F

0 0 0 Uses internal clock. Counts at rising edge of P
0 1 Uses internal clock. Counts at rising edge of P
1 0 Uses internal clock. Counts at falling edge of F
1 1 Uses internal clock. Counts at falling edge of F

0 0 0 Uses internal clock. Counts at rising edge of P
0 1 Uses internal clock. Counts at rising edge of P

0 Uses internal clock.

Counts at falling edge of F

1 Uses internal clock.

Counts at falling edge of F

— Counts at TCNT_0 compare match A*'.
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to 0 and 1, respectively. For details, see section 9, I/O Ports.

12.3.6 Timer Control/Status Register (TCSR)

TCSR displays status flags, and controls compare match output.

«TCSR_0
Bit 7 6 5 4 3 2 1
Bit Name CMFB CMFA OVF ADTE 0S3 0s2 0s1
Initial Value 0 0 0 0 0 0 0
RIW R/(W)* R/(W)* R/(W)* RW RIW RW R/W
« TCSR_1
Bit 7 6 5 4 3 2 1
Bit Name CMFB CMFA OVF — 0s3 0s2 0St
Initial Value 0 0 0 1 0 0 0
RIW R/(W)* R/(W)* R/(W)* R RW RW R/W

Note: * Only 0 can be written to this bit, to clear the flag.
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Sure 10 read tnhe Tiag arter writing U 10 It.)

e When the DTC is activated by a CMIB inter
while the DISEL bit in MRB of the DTC is 0

6 CMFA 0 R/(W)*' Compare Match Flag A
[Setting condition]
e When TCNT matches TCORA
[Clearing conditions]
e When writing O after reading CMFA = 1

(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
sure to read the flag after writing 0 to it.)

e When the DTC is activated by a CMIA intel
while the DISEL bit in MRB in the DTC is 0

5 OVF 0 R/(W)*' Timer Overflow Flag
[Setting condition]
e When TCNT overflows from H'FF to H'00
[Clearing condition]

e When writing O after reading OVF = 1

(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
sure to read the flag after writing O to it.)
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compare match B of TCORB and TCNT occu
00: No change when compare match B occur
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occur:

11: Output is inverted when compare match E
(toggle output)

1 0OS1 0 R/W  Output Select 1 and 0**
0 (O]0] 0 R/W

These bits select a method of TMO pin outpu
compare match A of TCORA and TCNT occu
00: No change when compare match A occur
01: 0 is output when compare match A occur:
10: 1 is output when compare match A occur:

11: Output is inverted when compare match /
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO0 are all 0. Timer output is 0 un
compare match occurs after resetting.
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Sure 10 read tnhe Tiag arter writing U 10 It.)

e When the DTC is activated by a CMIB inter
while the DISEL bit in MRB of the DTC is 0

6 CMFA 0 R/(W)*' Compare Match Flag A
[Setting condition]
e When TCNT matches TCORA
[Clearing conditions]
e When writing O after reading CMFA = 1

(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
sure to read the flag after writing 0 to it.)

e When the DTC is activated by a CMIA intel

while the DISEL bit in MRB of the DTC is 0
5 OVF 0 R/(W)*' Timer Overflow Flag

[Setting condition]

e  When TCNT overflows from H'FF to H'00

[Clearing condition]

o Cleared by reading OVF when OVF =1, th
0 to OVF

(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
sure to read the flag after writing 0 to it.)

4 — 1 R Reserved

This is a read-only bit and cannot be modified.
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1 0ol ) R/W Qutput oelect 1 ana 0

0 080 0 R/W These bits select a method of TMO pin outpu
compare match A of TCORA and TCNT occu

00: No change when compare match A occur
01: 0 is output when compare match A occur:
10: 1 is output when compare match A occur:

11: Output is inverted when compare match £
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO0 are all 0. Timer output is 0 un
compare match occurs after resetting.

124  Operation

1241  Pulse Output

Figure 12.3 shows an example of the 8-bit timer being used to generate a pulse output w
desired duty cycle. The control bits are set as follows:

1. In TCR, clear bit CCLR1 to 0 and set bit CCLRO to 1 so that TCNT is cleared ata T
compare match.

2. In TCSR, set bits OS3 to OS0 to B'0110, causing the output to change to 1 at a TCO
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides pulses output at a cycle determined by TCC
pulse width determined by TCORB. No software intervention is required. The output le
8-bit timer holds O until the first compare match occurs after a reset.
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1242 Reset Input

Figure 12.4 shows an example of the 8-bit timer being used to generate a pulse which is «
after a desired delay time from a TMRI input. The control bits are set as follows:

1. Set both bits CCLR1 and CCLRO in TCR to 1 and set the TMRIS bit in TCCR to 1 sc
TCNT is cleared at the high level input of the TMRI signal.

2. In TCSR, set bits OS3 to OS0 to B'0110, causing the output to change to 1 at a TCOF
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides pulses output at a desired delay time from a”
input determined by TCORA and with a pulse width determined by TCORB and TCORA

TMRI [ ;

T™MO | |

Figure12.4 Example of Reset Input
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TCNT input \ | |
clock

) |
(( | |
)

(
)
(.
TCNT N-1 X ::
J

(¢
))

" X N+1
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Figure12.5 Count Timing for Internal Clock Input (Falling Edge)

o LT LT LML rirro

External clock _l
input pin (¢

((

)
TCNT input
clock f)

\ “ |

| LS

)
TCNT N-1 x ?( N x " N+ 1
—)) —))

Figure12.6 Count Timing for External Clock Input (Both Edges)
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TCNT N A N +1

TCOR N

Compare match

signal N
™

CMF |

Figure12.7 Timing of CMF Setting at Compare Match

125.3 Timing of Timer Output at Compare Match

When a compare match signal is generated, the timer output changes as specified by bits
OS0 in TCSR. Figure 12.8 shows the timing when the timer output is toggled by the com
match A signal.

Po Lo
Compare match A I_l I_l
signal 4

. \
Timer output pin | 7 |

Figure12.8 Timing of Toggled Timer Output at Compare Match A
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Figure12.9 Timing of Counter Clear by Compare Match

1255 Timing of TCNT External Reset

TCNT is cleared at the rising edge or high level of an external reset input, depending on
settings of bits CCLR1 and CCLRO in TCR. The clear pulse width must be at least 2 sta
Figures 12.10 and 12.11 show the timing of this operation.

Fo S I I I I

External reset
input pin

Clear signal

TCNT N -1 X N X Hoo

Figure12.10 Timing of Clearance by External Reset (Rising Edge)

Fo S I I I I

External reset
input pin |

Clear signal |

TCNT N-—1 X N X Hoo

Figure12.11 Timing of Clearance by External Reset (High Level)
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Figure12.12 Timing of OVF Setting
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(1) Setting of Compare Match Flags

e The CMF flag in TCSR_O is set to 1 when a 16-bit compare match event occurs.
e The CMF flag in TCSR_1 is set to 1 when a lower 8-bit compare match event occur:

(2) Counter Clear Specification

e If the CCLR1 and CCLRO bits in TCR_0 have been set for counter clear at compare
16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare m
occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter
the TMRIO pin has been set.

e The settings of the CCLR1 and CCLRO bits in TCR_1 are ignored. The lower 8 bits
cleared independently.

(3) Pin Output

e Control of output from the TMOO pin by bits OS3 to OSO in TCSR_0 is in accordan
16-bit compare match conditions.

e Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR_1 is in accordan
lower 8-bit compare match conditions.

12.6.2 CompareMatch Count Mode

When bits CKS2 to CKS0 in TCR_1 are set to B'100, TCNT_1 counts compare match /
channel 0. Channels 0 and 1 are controlled independently. Conditions such as setting of
flag, generation of interrupts, output from the TMO pin, and counter clear are in accord:
the settings for each channel.
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1dJit 1.0 O~DiL 11eh (1TIVIIR_U Ul TIVIIR__ L) 1Tl 1 upLt ouul Lo
Name Interrupt Source Interrupt Flag DTC Activation Pri
CMIAQ TCORA_0 compare match CMFA Possible Hic
(VNUM = 2'b00)
CMIBO TCORB_0 compare match CMFB Possible
(VNUM = 2'b01)
ovio TCNT_O overflow OVF Not possible Lo
CMIA1 TCORA_1 compare match CMFA Possible Hic
(VNUM = 2'b10)
CMIBA1 TCORB_1 compare match CMFB Possible
(VNUM = 2'b11)
oV TCNT_1 overflow OVF Not possible Lo
Note: VNUM is an internal signal.

12.7.2

A/D Converter Activation

The A/D converter can be activated only by TMR_0 compare match A.

If the ADTE bit in TCSR_O is set to 1 when the CMFA flag in TCSR_O is set to 1 by the
occurrence of TMR_0 compare match A, a request to start A/D conversion is sent to the
converter. If the 8-bit timer conversion start trigger has been selected on the A/D convert
this time, A/D conversion is started.
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¢:  Operating frequency
N: TCOR value

12.8.2  Conflict between TCNT Write and Clear

If a counter clear signal is generated during the T, state of a TCNT write cycle, the clear
priority and the write is not performed as shown in figure 12.13.

TCNT write cycle by CPU
Ty T,

Po L | |
Address x TCNT address X
Internal write signal | |

Counter clear signal | |

TCNT N X H'00

Figure12.13 Conflict between TCNT Writeand Clear
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Internal write signal | |

TCNT input clock | |
TONT N X/, M

Counter write data

Figure12.14 Conflict between TCNT Write and I ncrement

1284 Conflict between TCOR Write and Compare Match

If a compare match event occurs during the T, state of a TCOR write cycle, the TCOR wi
priority and the compare match signal is inhibited as shown in figure 12.15.

TCOR write cycle by CPU
Ty T,

< > | >

Po ] ] ]
Address x TCOR address X
Internal write signal | |

TCNT N X N+ 1
TCOR N X/.M

TCOR write data
Compare match pooTEEEEeEEEEEees H Inhibited
signal : ‘/_

Figure12.15 Conflict between TCOR Write and Compare Match
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0-output

No change Lo

12.8.6  Switching of Internal Clocksand TCNT Operation

TCNT may be incremented erroneously depending on when the internal clock is switche
12.5 shows the relationship between the timing at which the internal clock is switched (]
to bits CKS1 and CKS0) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the rising or falling edge of |
clock pulse are always monitored. Table 12.5 assumes that the falling edge is selected. I
signal levels of the clocks before and after switching change from high to low as shown
the change is considered as the falling edge. Therefore, a TCNT clock pulse is generatec
TCNT is incremented. This is similar to when the rising edge is selected.

The erroneous incrementation of TCNT can also happen when switching between rising
falling edges of the internal clock, and when switching between internal and external clc
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TUINI N N\ IN T /

CKS bits changed

2 Switching from low to high**  Clock before ] | | |

switchover

Clock after
switchover

TCNT input
clock

TCNT N X N+1  Xi N+2

CKS bits changed

3 Switching from high to low*°  Clock before ] | | | | B

switchover

Clock after
switchover

(

TCNT input
clock

TONT N X N+1: X N+2

CKS bits changed

Rev. 2.00 Jun. 28, 2007 Page 536 of 864
REJ09B0341-0200 RENESAS



WO Vilo Ullial

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated because the change of the signal levels is considered as a falling
TCNT is incremented.

12.8.7 Mode Setting with Cascaded Connection

If 16-bit counter mode and compare match count mode are specified at the same time, i1
for TCNT_0O and TCNT_1 are not generated, and the counter stops. Do not specify 16-b
mode and compare match count mode simultaneously.

12.8.8 Module Stop Function Setting

Operation of the TMR can be disabled or enabled using the module stop control register
initial setting is for operation of the TMR to be halted. Register access is enabled by cle
module stop state. For details, refer to section 20, Power-Down Modes.

12.8.9 Interruptsin Module Stop State

If the module stop state is entered when an interrupt has been requested, it will not be pc
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore
disabled before entering the module stop state.
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13.1 Features

e Selectable from eight counter input clocks

e Switchable between watchdog timer mode and interval timer mode

— In watchdog timer mode

If the counter overflows, the WDT outputs WDTOVF. It is possible to select wh
not the entire LSI is reset at the same time.

— In interval timer mode

If the counter overflows, the WDT generates an interval timer interrupt (WOVI).

(interrupt request

Interrupt
control

Overflow

signal)

A

WDTOVF <——]

Internal reset signal* <——

Reset
control

Clock

Clock
select

« Po/512
«—— P6/2048
|« P(/8192
< P$/32768
< P§/131072

Internal clocks

b
|RSTCSR|<—,T TONT |<> TCSR |

J

Bus

Module bus

interface

[Legend]

TCSR:  Timer control/status register

TCNT: Timer counter

RSTCSR: Reset control/status register

Note: * An internal reset signal can be generated by the RSTCSR setting.

Internal bus

Figure13.1 Block Diagram of WDT

RENESAS
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lo.o Register bescriptions

The WDT has the following three registers. To prevent accidental overwriting, TCSR, T(
RSTCSR have to be written to in a method different from normal registers. For details, s
13.6.1, Notes on Register Access.

e Timer counter (TCNT)
e Timer control/status register (TCSR)
e Reset control/status register (RSTCSR)

13.3.1 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT is initialized to H'00 when the TM
TCSR is cleared to 0.

Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Initial

Bit Bit Name Value R/W Description
7 OVF 0 R/(W)* Overflow Flag
Indicates that TCNT has overflowed in interval
mode. Only 0 can be written to this bit, to clear
[Setting condition]
When TCNT overflows in interval timer mode (c
from H'FF to H'00)
¢ When internal reset request generation is si
watchdog timer mode, OVF is cleared autor
by the internal reset.
[Clearing condition]
e Cleared by reading TCSR when OVF =1, i
0 to OVF
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)
6 WTAT 0 R/W  Timer Mode Select

Selects whether the WDT is used as a watchdc
interval timer.

0: Interval timer mode

When TCNT overflows, an interval timer inte
(WOVI) is requested.

1: Watchdog timer mode
When TCNT overflows, the WDTOVF signal
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O CKSO 0 R/W Uy\JIU i \P = AV VI IS IV Aty 1 HGIUIILIIGOU
000: Clock P¢/2 (cycle: 25.6 ps)

001: Clock P¢/64 (cycle: 819.2 us)
010: Clock P¢/128 (cycle: 1.6 ms)
011: Clock P¢/512 (cycle: 6.6 ms)
100: Clock P¢$/2048 (cycle: 26.2 ms)
101: Clock P$/8192 (cycle: 104.9 ms)
110: Clock P¢$/32768 (cycle: 419.4 ms)
111: Clock P$/131072 (cycle: 1.68 s)
Note: * Only 0 can be written to this bit, to clear the flag.

13.3.3 Reset Control/Status Register (RSTCSR)

RSTCSR controls the generation of the internal reset signal when TCNT overflows, and
the type of internal reset signal. RSTCSR is initialized to H'1F by a reset signal from the
but not by the WDT internal reset signal caused by WDT overflows.

Bit 7 6 5 4 3 o )
Bit Name WOVF RSTE — — — _ _
Initial Value 0 0 0 1 1 1 1

RW R/(W)* RW RW R R R R

Note: * Only 0 can be written to this bit, to clear the flag.
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0 to WOVF
6 RSTE 0 R/W Reset Enable

Specifies whether or not this LSl is internally re
TCNT overflows during watchdog timer operati

0: LSl is not reset even if TCNT overflows (Tho
LSl is not reset, TCNT and TCSR in WDT ar

1: LSl is reset if TCNT overflows
5 — 0 R/W Reserved

Although this bit is readable/writable, reading fr
writing to this bit does not affect operation.

4t00 — All 1 R Reserved
These are read-only bits and cannot be modifie

Note: * Only 0 can be written to this bit, to clear the flag.
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If TCNT overflows when the RSTE bit in RSTCSR is set to 1, a signal that resets this LS
internally is generated at the same time as the WDTOVF signal. If a reset caused by a sig
to the RES pin occurs at the same time as a reset caused by a WDT overflow, the RES pi
has priority and the WOVF bit in RSTCSR is cleared to 0.

The WDTOVF signal is output for 133 cycles of P¢ when RSTE =1 in RSTCSR, and for
cycles of P¢p when RSTE = 0 in RSTCSR. The internal reset signal is output for 519 cycl

When RSTE = 1, an internal reset signal is generated. Since the system clock control reg;
(SCKCR) is initialized, the multiplication ratio of P$ becomes the initial value.

When RSTE = 0, an internal reset signal is not generated. Neither SCKCR nor the multip
ratio of P¢ is changed.

When TCNT overflows in watchdog timer mode, the WOVF bit in RSTCSR is set to 1. I
overflows when the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
entire LSI.
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.
133 states™2:

Internal
reset signal*?
519 states
Notes: 1. If TCNT overflows when the RSTE bit is set to 1, an internal reset signal is generated.

2. 130 states when the RSTE bit is cleared to 0.

134.2

Figure13.2 Operation in Watchdog Timer Mode

Interval Timer Mode

To use the WDT as an interval timer, set the WT/IT bit to 0 and the TME bit to 1 in TC!

When the WDT is used as an interval timer, an interval timer interrupt (WOVI) is gener
time the TCNT overflows. Therefore, an interrupt can be generated at intervals.

When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) i
at the same time the OVF bit in the TCSR is set to 1.

TCNT value

Overflow Overflow Overflow Overflow

H'00 ? * »Time
WTAT =0 WOVI WOVI WOVI WOVI
TME =1

[Legend]

WOVI: Interval timer interrupt request

Figure 13.3 Operation in Interval Timer Mode
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13.6  Usage Notes

13.6.1 Noteson Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in
more difficult to write to. The procedures for writing to and reading these registers are gi
below.

(1) Writingto TCNT, TCSR, and RSTCSR

TCNT and TCSR must be written to by a word transfer instruction. They cannot be writte
byte transfer instruction.

For writing, TCNT and TCSR are assigned to the same address. Accordingly, perform da
transfer as shown in figure 13.4. The transfer instruction writes the lower byte data to TC
TCSR.

To write to RSTCSR, execute a word transfer instruction for address HFFAG6. A byte trai
instruction cannot be used to write to RSTCSR.

The method of writing 0 to the WOVF bit in RSTCSR differs from that of writing to the -
in RSTCSR. Perform data transfer as shown in figure 13.4.

At data transfer, the transfer instruction clears the WOVF bit to 0, but has no effect on the
bit. To write to the RSTE bit, perform data transfer as shown in figure 13.4. In this case, |
transfer instruction writes the value in bit 6 of the lower byte to the RSTE bit, but has no
the WOVF bit.
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Figure13.4 Writingto TCNT, TCSR, and RSTCSR
(2) Reading from TCNT, TCSR, and RSTCSR

These registers can be read from in the same way as other registers. For reading, TCSR
to address HFFA4, TCNT to address H'FFAS, and RSTCSR to address HFFA7.

13.6.2 Conflict between Timer Counter (TCNT) Writeand Increment

If a TCNT clock pulse is generated during the T2 cycle of a TCNT write cycle, the writs
priority and the timer counter is not incremented. Figure 13.5 shows this operation.

TCNT write cycle

Po S T B
Address X X

Internal write | I

signal

TCNT | |

input clock

TCNT N X oM

Counter write data

Figure13.5 Conflict between TCNT Write and I ncrement
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13.6.5 Internal Reset in Watchdog Timer Mode

This LSI is not reset internally if TCNT overflows while the RSTE bit is cleared to O dur
watchdog timer mode operation, but TCNT and TCSR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVF signal is low. Also
aread of the WOVF flag is not recognized during this period. To clear the WOVF flag, tl
read TCSR after the WDTOVF signal goes high, then write O to the WOVF flag.

13.6.6  System Reset by WDTOVF Signal

If the WDTOVF signal is input to the RES pin, this LSI will not be initialized correctly.
sure that the WDTOVF signal is not input logically to the RES pin. To reset the entire sy
means of the WDTOVF signal, use a circuit like that shown in figure 13.6.

This LSI

O

RES

Reset input

Reset signal to entire system 4—@7—c WDTOVE

Figure13.6 Circuit for System Reset by WDTOVF Signal (Example)
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14.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and re
be executed simultaneously. Double-buffering is used in both the transmitter and the
enabling continuous transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

The external clock can be selected as a transfer clock source (except for the smart ca
interface).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode
e Four interrupt sources

The interrupt sources are transmit-end, transmit-data-empty, receive-data-full, and r
error. The transmit-data-empty and receive-data-full interrupt sources can activate tt
or DTC.

e Module stop state specifiable
Asynchronous M ode:

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in case
framing error
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e An error signal can be automatically transmitted on detection of a parity error during

e Data can be automatically re-transmitted on receiving an error signal during transmis:

e Both direct convention and inverse convention are supported

S ol
Module data bus € 3
> =
o 5]
| i :
[ rorR | | TDOR | SCMR [ 8RR —
[ SSR
‘ k) ‘ SCR Baud rate Po
RxD — | | RSR | | | TSR SMR generator Po/a
T l«— P0/16
Transmission/
D reception control Po/64
xD =
Parity generation| * t Clock | * 4 Average transfer
- tor (SCI_2
Parity check genera —
External clock At 10.667-MHz ¢
SCK-= 115.152 kbps
»TE| 460.606 kbps
~TXI At 16-MHz oper:
R 115.196 kbps
4 ERI 460.784 kbps
[Legend] = 720 kbps
RSR:  Receive shift register SCR:  Serial control register At 32-MHz oper:
RDR: Receive data register SSR:  Serial status register 720 Kbps
TSR:  Transmit shift register SCMR: Smart card mode register
TDR:  Transmit data register BRR: Bit rate register
SMR:  Serial mode register SEMR: Serial extended mode register (available only for SCI_2)

Figure14.1 Block Diagram of SCI
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1 OUIiN J whialhicl 1T CIVUAINpPpUyouiputl
RxD1 Input Channel 1 receive data input
TxD1 Output Channel 1 transmit data output
2 SCK2 1/0 Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output
4 SCK4 1/0 Channel 4 clock input/output
RxD4 Input Channel 4 receive data input
TxD4 Output Channel 4 transmit data output
Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting

channel designation.
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e Receive data register_0 (RDR_0)

e Transmit data register_0 (TDR_0)

e Serial mode register_0 (SMR_0)

e Serial control register_0 (SCR_0)

o Serial status register_0 (SSR_0)

e Smart card mode register_0 (SCMR_0)
e Bit rate register_0 (BRR_0)

Channdl 1:

e Receive shift register_1 (RSR_1)

e Transmit shift register_1 (TSR_1)

e Receive data register_1 (RDR_1)

e Transmit data register_1 (TDR_I)

e Serial mode register_1 (SMR_1)

e Serial control register_1 (SCR_1)

o Serial status register_1 (SSR_1)

e Smart card mode register_1 (SCMR_1)
e Bitrate register_1 (BRR_1)

Rev. 2.00 Jun. 28, 2007 Page 554 of 864
REJ09B0341-0200 RENESAS



e Bit rate register_2 (BRR_2)
o Serial extended mode register_2 (SEMR_2) (SCI_2 only)

Channdl 4:

e Receive shift register_4 (RSR_4)

e Transmit shift register_4 (TSR_4)

e Receive data register_4 (RDR_4)

e Transmit data register_4 (TDR_4)

e Serial mode register_4 (SMR_4)

e Serial control register_4 (SCR_4)

o Serial status register_4 (SSR_4)

e Smart card mode register_4 (SCMR_4)
e Bitrate register_4 (BRR_4)

1431 Receive Shift Register (RSR)

RSR is a shift register which is used to receive serial data input from the RxD pin and c
into parallel data. When one frame of data has been received, it is transferred to RDR
automatically. RSR cannot be directly accessed by the CPU.
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Inral value v v v Y Y Y Y

R/W R R R R R R R

14.3.3 Transmit Data Register (TDR)

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empt)
transfers the transmit data written in TDR to TSR and starts transmission. The double-bu
structures of TDR and TSR enables continuous serial transmission. If the next transmit d:
already been written to TDR when one frame of data is transmitted, the SCI transfers the
data to TSR to continue transmission. Although TDR can be read from or written to by tt
all times, to achieve reliable serial transmission, write transmit data to TDR for only once
confirming that the TDRE bit in SSR is set to 1.

Bit 7 6 5 4 3 > 1
Bit Name

Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W RW

1434 Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the |

automatically transfers transmit data from TDR to TSR, then sends the data to the TxD p:
cannot be directly accessed by the CPU.

Rev. 2.00 Jun. 28, 2007 Page 556 of 864
REJ09B0341-0200 RENESAS



e When SMIF in SCMR =1

Bit 7 6 5 4 3 2 1
Bit Name GM BLK PE O/E BCP1 BCPO CKS1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Bit Functionsin Normal Serial Communication Interface Mode (When SMIF in X

Bit

Initial

Bit Name Value

R/W

Description

C/A

0

R/W

Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode

CHR

R/W

Character Length (valid only in asynchronous n

0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first is
the MSB (bit 7) in TDR is not transmitted in
transmission.

In clocked synchronous mode, a fixed data len
bits is used.

PE

R/W

Parity Enable (valid only in asynchronous mode

When this bit is set to 1, the parity bit is added-
data before transmission, and the parity bit is ¢
reception. For a multiprocessor format, parity b
and checking are not performed regardless of t
setting.
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second stop bit is 0, it is treated as the start bit ¢
transmit frame.

2 MP 0 R/W Multiprocessor Mode (valid only in asynchronou:
When this bit is set to 1, the multiprocessor func
enabled. The PE bit and O/E bit settings are inv:
multiprocessor mode.

1 CKS1 0 R/W Clock Select 1, 0

0 CKSO0 0 R/W These bits select the clock source for the baud r

generator.

00: P¢ clock (n =0)
01: P¢/4 clock (n=1)
10: P¢y/16 clock (n = 2)
11: P¢/64 clock (n = 3)

For the relation between the settings of these bit
baud rate, see section 14.3.9, Bit Rate Register
is the decimal display of the value of n in BRR (s
section 14.3.9, Bit Rate Register (BRR)).

Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR = 1):

Initial
Bit Bit Name Value R/W Description
7 GM 0 R/W GSM Mode

Setting this bit to 1 allows GSM mode operation.
mode, the TEND set timing is put forward to 11.(
the start and the clock output control function is
appended. For details, see sections 14.7.6, Date
Transmission (Except in Block Transfer Mode) a
14.7.8, Clock Output Control.
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1: Selects odd parity

For details on the usage of this bit in smart car
mode, see section 14.7.2, Data Format (Excep
Transfer Mode).

3 BCP1 0 R/W Basic Clock Pulse 1,0

2 BCPO 0 R/W These bits select the number of basic clock cyc
bit data transfer time in smart card interface mc

00: 32 clock cycles (S = 32)
01: 64 clock cycles (S = 64)
10: 372 clock cycles (S = 372)
11: 256 clock cycles (S = 256)

For details, see section 14.7.4, Receive Data S
Timing and Reception Margin. S is described ir
14.3.9, Bit Rate Register (BRR).

1 CKSH1 0 R/W Clock Select 1,0
0 CKSO0 0 R/W These bits select the clock source for the baud
generator.

00: P¢ clock (n =0)
01: P¢/4 clock (n=1)
10: P¢/16 clock (n = 2)
11: P¢/64 clock (n = 3)

For the relation between the settings of these b
baud rate, see section 14.3.9, Bit Rate Registe
is the decimal display of the value of n in BRR
section 14.3.9, Bit Rate Register (BRR)).

Note: etu (Elementary Time Unit): 1-bit transfer time
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Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
e  When SMIF in SCMR = 1

Bit 7 6 5 4 3 2 1

Bit Name TIE RIE TE RE MPIE TEIE CKE1

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

Bit Functionsin Normal Serial Communication I nterface Mode (When SMIF in SC

Initial

Bit Bit Name Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, a TXI interrupt request |
enabled.
A TXI interrupt request can be cancelled by reac
from the TDRE flag and then clearing the flag to
clearing the TIE bit to 0.

6 RIE 0 R/W Receive Interrupt Enable

When this bit is set to 1, RXIl and ERI interrupt re
are enabled.

RXI and ERI interrupt requests can be cancelled
reading 1 from the RDRF, FER, PER, or ORER"
then clearing the flag to 0, or by clearing the RIE
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When this bit is set to 1, reception is enabled. |
condition, serial reception is started by detectin
bit in asynchronous mode or the synchronous ¢
in clocked synchronous mode. Note that SMR ¢
set prior to setting the RE bit to 1 in order to de
the reception format.

Even if reception is halted by clearing this bit tc
RDRF, FER, PER, and ORER flags are not affe
the previous value is retained.

3

MPIE

0

R/W

Multiprocessor Interrupt Enable (valid only whe
bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which t
multiprocessor bit is 0 is skipped, and setting o
RDRF, FER, and ORER status flags in SSR is
On receiving data in which the multiprocessor t
bit is automatically cleared and normal receptio
resumed. For details, see section 14.5, Multipre
Communication Function.

When receive data including MPB = 0 in SSR i
received, transfer of the received data from RS
detection of reception errors, and the settings ¢
FER, and ORER flags in SSR are not performe
receive data including MPB = 1 is received, the
in SSR is set to 1, the MPIE bit is automatically
0, and RXI and ERI interrupt requests (in the cz
the TIE and RIE bits in SCR are setto 1) and s
the FER and ORER flags are enabled.
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00: On-chip baud rate generator
(SCK pin functions as 1/O port.)
01: On-chip baud rate generator

(Outputs a clock with the same frequency as
rate from the SCK pin.)

1X: External clock

(Inputs a clock with a frequency 16 times the
from the SCK pin.)

e Clocked synchronous mode
0X: Internal clock

(SCK pin functions as clock output.)
1X: External clock

(SCK pin functions as clock input.)

Note: X: Don't care
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When this bit is set to 1, RXI and ERI interrupt
are enabled.

RXI and ERI interrupt requests can be cancelle
reading 1 from the RDRF, FER, PER, or OREF
then clearing the flag to 0, or by clearing the Rl

TE

R/W

Transmit Enable

When this bit is set to 1, transmission is enable
this condition, serial transmission is started by
transmit data to TDR, and clearing the TDRE fl
to 0. Note that SMR should be set prior to settir
bit to 1 in order to designate the transmission fc

If transmission is halted by clearing this bit to 0
TDRE flag in SSR is fixed 1.

RE

R/W

Receive Enable

When this bit is set to 1, reception is enabled. |
condition, serial reception is started by detectin
bit in asynchronous mode or the synchronous ¢
in clocked synchronous mode. Note that SMR ¢
set prior to setting the RE bit to 1 in order to de
the reception format.

Even if reception is halted by clearing this bit tc
RDRF, FER, PER, and ORER flags are not affe
the previous value is retained.

3

MPIE

0

R/W

Multiprocessor Interrupt Enable (valid only whe
bit in SMR is 1 in asynchronous mode)

Write 0 to this bit in smart card interface mode.

2

TEIE

0

R/W

Transmit End Interrupt Enable
Write 0 to this bit in smart card interface mode.
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e VWnen GM In SVIR =1
00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

14.3.7  Serial StatusRegister (SSR)

SSR is a register containing status flags of the SCI and multiprocessor bits for transfer. T
RDRF, ORER, PER, and FER can only be cleared. Some bits in SSR have different func
normal mode and smart card interface mode.

e When SMIF in SCMR =0

Bit 7 6 5 4 3 2 1
Bit Name TDRE RDRF ORER FRE PER TEND MPB |
Initial Value 1 0 0 0 0 1 0
R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R
Note: * Only O can be written, to clear the flag.
o When SMIF in SCMR =1
Bit 7 6 5 4 3 2 1
Bit Name TDRE RDRF ORER ERS PER TEND MPB
Initial Value 1 0 0 0 0 1 0
R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R

Note: * Only 0 can be written, to clear the flag.
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e When 0O is written to TDRE after reading TD
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

e When a TXI interrupt request is issued allov
DMAC or DTC to write data to TDR

6

RDRF

0

R/(W)*

Receive Data Register Full

Indicates whether receive data is stored in RDF

[Setting condition]

o When serial reception ends normally and re
is transferred from RSR to RDR

[Clearing conditions]

¢ When 0 is written to RDRF after reading RC
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

e When an RXI interrupt request is issued all¢
DMAC or DTC to read data from RDR

The RDREF flag is not affected and retains its pt

value when the RE bit in SCR is cleared to 0.

Note that when the next serial reception is com
while the RDREF flag is being set to 1, an overrt
occurs and the received data is lost.
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is set to 1, subsequent serial reception cann
performed. Note that, in clocked synchronou
serial transmission also cannot continue.

[Clearing condition]

e When 0 is written to ORER after reading OR
(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)

Even when the RE bit in SCR is cleared, the
flag is not affected and retains its previous vz
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is transferred to RDR, however, the RDRF
set. In addition, when the FER flag is being
the subsequent serial reception cannot be |
In clocked synchronous mode, serial transn
also cannot continue.

[Clearing condition]

e When 0 is written to FER after reading FER
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

Even when the RE bit in SCR is cleared, th
is not affected and retains its previous value
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subsequent serial reception cannot be perfor
clocked synchronous mode, serial transmiss|
cannot continue.

[Clearing condition]

e When 0 is written to PER after reading PER
(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)

Even when the RE bit in SCR is cleared, the
is not affected and retains its previous value.

2 TEND 1 R

Transmit End

[Setting conditions]

e When the TE bitin SCRis 0

o When TDRE = 1 at transmission of the last b
transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TDF

e When a TXI interrupt request is issued allow
DMAC or DTC to write data to TDR

1 MPB 0 R

Multiprocessor Bit

Stores the multiprocessor bit value in the receive
When the RE bit in SCR is cleared to 0 its previc
is retained.

0 MPBT 0 R/W

Multiprocessor Bit Transfer

Sets the multiprocessor bit value to be added to
transmit frame.

Note: * Only 0 can be written, to clear the flag.
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e When 0O is written to TDRE after reading TD
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

e When a TXI interrupt request is issued allov
DMAC or DTC to write data to TDR

6

RDRF

0

R/(W)*

Receive Data Register Full

Indicates whether receive data is stored in RDF

[Setting condition]

o When serial reception ends normally and re
is transferred from RSR to RDR

[Clearing conditions]

¢ When 0 is written to RDRF after reading RC
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

e When an RXI interrupt request is issued all¢
DMAC or DTC to read data from RDR

The RDREF flag is not affected and retains its pt

value even when the RE bit in SCR is cleared t

Note that when the next reception is completec
RDRF flag is being set to 1, an overrun error o
the received data is lost.
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is set to 1, subsequent serial reception cann
performed. Note that, in clocked synchronou
serial transmission also cannot continue.

[Clearing condition]

e When 0 is written to ORER after reading OR
(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)

Even when the RE bit in SCR is cleared, the
flag is not affected and retains its previous vz

4 ERS 0 R/(W)* Error Signal Status
[Setting condition]
o When a low error signal is sampled
[Clearing condition]
e When 0 is written to ERS after reading ERS
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clocked synchronous mode, serial transmis
cannot continue.

[Clearing condition]

e When 0 is written to PER after reading PEF
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

Even when the RE bit in SCR is cleared, th
is not affected and retains its previous value
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When GM = 0 and BLK = 0, 2.5 etu after trar
start

When GM = 0 and BLK = 1, 1.5 etu after trar
start

When GM = 1 and BLK = 0, 1.0 etu after trar
start

When GM = 1 and BLK = 1, 1.0 etu after trar
start

[Clearing conditions]
e When 0 is written to TEND after reading TEN

e When a TXI interrupt request is issued allowi
DMAC or DTC to write the next data to TDR

1 MPB 0 R Multiprocessor Bit
Not used in smart card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer

Write 0 to this bit in smart card interface mode.
Note: * Only 0 can be written, to clear the flag.
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DIt DIl INallltc

valuc

nN/vv

veoLliipuull

7to04 —

All1

Reserved
These are read-only bits and cannot be modifie

3 SDIR

R/W

Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.
0: Transfer with LSB-first

1: Transfer with MSB-first

This bit is valid only when the 8-bit data format
transmission/reception; when the 7-bit data for
used, data is always transmitted/received with |

2 SINV

R/W

Smart Card Data Invert

Inverts the transmit/receive data logic level. Thi

not affect the logic level of the parity bit. To inve

parity bit, invert the O/E bit in SMR.

0: TDR contents are transmitted as they are. R
data is stored as it is in RDR.

1: TDR contents are inverted before being tran:
Receive data is stored in inverted form in RC

Reserved
This is a read-only bit and cannot be modified.

0 SMIF

R/W

Smart Card Interface Mode Select

When this bit is set to 1, smart card interface m
selected.

0: Normal asynchronous or clocked synchronol
1: Smart card interface mode
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Asynchronous mode No _ Pox 10° ; Error (%) { Py x 10° B
64x2" 'xB Bx64x22 I (N+1)
Clocked synchronous mode No _ Pox 10° ]
8x2”""'xB
Smart card interface mode No _ POx 10° . Error (%) = { Po x 10° )
sx2?"t B BxSx22" "% (N+1)
[Legend]
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 <N < 255)
P¢: Operating frequency (MHz)
n and S: Determined by the SMR settings shown in the following table.
SMR Setting SMR Setting
CKsS1 CKSO0 n BCP1 BCPO S
0 0 0 0 0 3
0 1 1 0 1 6¢
1 0 2 1 0 37
1 1 3 1 1 2t

Table 14.3 shows sample N settings in BRR in normal asynchronous mode. Table 14.4 s}
maximum bit rate settable for each operating frequency. Tables 14.6 and 14.8 show samy
settings in BRR in clocked synchronous mode and smart card interface mode, respectivel
smart card interface mode, the number of basic clock cycles S in a 1-bit data transfer tim
selected. For details, see section 14.7.4, Receive Data Sampling Timing and Reception M
Tables 14.5 and 14.7 show the maximum bit rates with external clock input.
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1200 0 207 016 O 255 0.00 1 64 0.16 1 77
2400 0O 103 0.16 O 127 0.00 0 129 0.16 0 155
4800 0 51 016 O 63 0.00 0 64 0.16 0 77
9600 0 25 016 O 31 0.00 0 32 -136 0 38
19200 0 12 016 O 15 0.00 0 15 1.73 0 19
31250 o 7 000 O 9 -1.70 0 9 0.00 0 11
38400 — — — 0 7 0.00 0o 7 1.73 0 9
Operating Frequency P¢ (MHz)
12.288 14 14.7456 ]
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 2 217 0.08 2 248 -0.17 3 64 0.70 3 70
150 2 159 0.00 2 181 0.16 2 191  0.00 2 207
300 2 79 0.00 2 90 0.16 2 95 0.00 2 103
600 1 159 0.00 1 181 0.16 1 191 0.00 1 207
1200 1 79 0.00 1 90 0.16 1 95 0.00 1 103
2400 0 159 0.00 0 181 0.16 0 191 0.00 0 207
4800 0o 79 0.00 0 90 0.16 0 95 0.00 0 103
9600 0 39 0.00 0 45 -093 0 47 0.00 0 51
19200 0o 19 0.00 0 22 -093 0 23 0.00 0 25
31250 0o 11 2.40 0 13 0.00 0 14 -1.70 0 15
38400 0 9 0.00 — — — o M 0.00 0 12
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1200 1 111 0.00 1 116 0.16 1 127  0.00 1 129
2400 0 223 0.00 0 233 0.16 0 255 0.00 1 64
4800 0 111 0.00 0 116 0.16 0 127 0.00 0 129
9600 0 55 0.00 0 58 -069 0 63 0.00 0 64
19200 0o 27 0.00 0 28 1.02 0 3 0.00 0 32
31250 0 16 1.20 o 17 0.00 0o 19 -1.70 0o 19
38400 0 13 0.00 0 14 -234 0 15 0.00 0 15
Operating Frequency P (MHz)

25 30 33 3t
Bit Rate Error Error
(bit/s) n N Error (%) n N (%) n N (%) n N
110 3 110 -0.02 3 132 0.13 3 145 0.33 3 154
150 3 80 0.47 3 97 -035 3 106 0.39 3 113
300 2 162 -0.15 2 194 0.16 2 214 -0.07 2 227
600 2 80 0.47 2 97 -035 2 106 0.39 2 113
1200 1 162 -0.15 1 194 0.16 1 214  -0.07 1 227
2400 1 80 0.47 1 97 -0.35 1 106 0.39 1 113
4800 0 162 -0.15 0 194 0.16 0 214 -0.07 0 227
9600 0 80 0.47 0o 97 -035 0 106 0.39 0 113
19200 0 40 -0.76 0 48 -035 0 53 —0.54 0 56
31250 0 24 0.00 0 29 0 0 32 0 0 34
38400 0 19 1.73 0 23 1.73 0 26 —0.54 0 28
Rev. 2.00 Jun. 28, 2007 Page 576 of 864
REJ09B0341-0200 RENESAS



LA A A

VI IV

14.7456

460800 0

33

1031250 0

16

500000 0

35

1093750 0

Table14.5 Maximum Bit Rate with External Clock Input (Asynchronous M ode)

External Input  Maximum Bit External Input Max
P (MHz) Clock (MHz) Rate (bit/s) P$ (MHz)  Clock (MHz) Rate
8 2.0000 125000 17.2032 4.3008 268
9.8304 2.4576 153600 18 4.5000 281
10 2.5000 156250 19.6608 49152 307:
12 3.0000 187500 20 5.0000 312!
12.288 3.0720 192000 25 6.2500 390
14 3.5000 218750 30 7.5000 468’
14.7456 3.6864 230400 33 8.2500 515¢
16 4.0000 250000 35 8.7500 546

RENESAS
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5k 1 99 1 124 1 199 1 :
10k 0 199 0 249 1 99 1

25 k 0 79 0 99 0 159 0

50 k 0 39 0 49 0 79 0 ¢
100k O 19 0 24 0 39 0 y
250k O 0 0 15 0

500k O 0 0 7 0 ¢
1M 0 0 3 0 y
25M 0 0* 0

5M 0 (
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10k 1 155 1 187 1 205 1
25k 0 249 1 74 1 82 1
50 k 0 124 0 149 0 164 0
100k O 62 0 74 0 82 0
250k O 24 0 29 0 32 0
500k — — 0 14 — — —
1M — — — — — — —
25M — — 0 2 — — —
5M — — — — — — —
[Legend]

Space : Setting prohibited.

— : Can be set, but there will be error.

* : Continuous transmission or reception is not possible.

Table14.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous

External Input Maximum Bit External Input Maximt
Pd (MHz) Clock (MHz) Rate (bit/s) P$ (MHz) Clock (MHz) Rate (b
8 1.3333 1333333.3 20 3.3333 333333
10 1.6667 1666666.7 25 4.1667 416666
12 2.0000 2000000.0 30 5.0000 500000
14 2.3333 2333333.3 33 5.5000 550000
16 2.6667 2666666.7 35 5.8336 583362
18 3.0000 3000000.0
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(bit/s) n N Error(%) n N Error (%) n N Error (%) n N E

9600 o 1 0.00 0o 1 12.01 0 2 15.99 0 2 6
Operating Frequency P¢ (MHz)

Bit Rate 25.00 30.00 33.00 35.(

(bit/s) n N Error(%) n N Error (%) n N Error (%) n N E

9600 0 3 1249 0 3 5.0 0 4 759 0 4 1

Table14.9 Maximum Bit Rate for Each Operating Frequency (Smart Card I nterf:

Mode, S=372)

Maximum Bit Maximum Bit
P$ (MHz) Rate (bit/s) n N P¢ (MHz) Rate (bit/s) n
7.1424 9600 0 0 18.00 24194 0
10.00 13441 0 0 20.00 26882 0
10.7136 14400 0 0 25.00 33602 0
13.00 17473 0 0 30.00 40323 0
14.2848 19200 0 0 33.00 44355 0
16.00 21505 0 0 35.00 47043 0
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inital

Bit Bit Name Value R/W Description
7 — 0 R/W Reserved
This bit is always read as 0. The write value s
always be 0.
6to4 — AllO R Reserved
These are read-only bits and cannot be modif
3 ABCS 0 R/W Asynchronous Mode Basic Clock Select (vali

asynchronous mode)

Selects the basic clock for a 1-bit period.

0: The basic clock has a frequency 16 times t
rate

1: The basic clock has a frequency 8 times th
rate
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DasiC CIOCK Wil a TrequceliCy 10 UiTes Uic
rate)

010: 460.606 kbps of average transfer rate spe
P$ = 10.667 MHz is selected (operated u:
basic clock with a frequency 8 times the t
rate)

011: 720 kbps of average transfer rate specific
32 MHz is selected (operated using the b
with a frequency 16 times the transfer rat

100: Setting prohibited

101: 115.196 kbps of average transfer rate spe
P¢ = 16 MHz is selected (operated using
clock with a frequency 16 times the trans

110: 460.784 kbps of average transfer rate spe
P¢ = 16 MHz is selected (operated using
clock with a frequency 16 times the trans

111: 720 kbps of average transfer rate specific
16 MHz is selected (operated using the b
with a frequency 8 times the transfer rate

The average transfer rate only supports opera
frequencies of 10.667 MHz, 16 MHz, and 32 V
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Idle state
(mark state)

1 LSB MSB 1

Serial | 4 | po| D1 |D2|D3|D4|D5|D6| D7 0| 1 1
data

Start Parity Stop bit

bit Transmit/receive data bit

1 bit 7 or 8 bits 1 bitor 1or2
none bits

One unit of transfer data (character or frame)

Figure 14.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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0 0 0 0 | s | 8-bit data |sor
0 0 0 1 | s | 8-bit data |STOP| s
0 1 0 0 | s | 8-bit data | P s
0 1 0 1 | s | 8-bit data | P |s1
1 0 0 0 | s | 7-bit data |sTor
1 0 0 1 | s | 7-bit data |smp|smp
1 1 0 0 | S | 7-bit data | P |STOP
1 1 0 1 | s | 7-bit data | P |STOP|S1
0 — 1 0 | S | 8-bit data |MPB|S‘
0 — 1 1 | s | 8-bit data |MPB|S'I
1 — 1 0 | S | 7-bit data |MF’B|STOP
1 — 1 1 | s | 7-bit data |MPB|STOP|S1

[Legend]

S: Start bit

STOP: Stop bit

P: Parity bit

MPB:  Multiprocessor bit
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N: Ratio of bit rate to clock (N = 16)

D: Duty cycle of clock (D = 0.5 to 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock frequency deviation

Assuming values of F =0 and D = 0.5 in formula (1), the reception margin is determine
formula below.

1

M=(0.5-
2x 16

) x 100[%] = 46.875%

However, this is only the computed value, and a margin of 20% to 30% should be allow
system design.

o 16 clocks L
8 clocks
0 7| 15| 0 7

Internal |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
basic clock

Start bit | Do

Receive data —I
(RxD) !

Synchronization
sampling timing

Data sampling
timing H n

Figure 14.3 Receive Data Sampling Timing in Asynchronous Mode
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TXD 0 |Do|D1|D2|D3|D4|D5|D6|D7 01| 1 1

1 frame

< >

Figure14.4 Phase Relation between Output Clock and Transmit Data
(Asynchronous M ode)
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1

| Clear TE and RE bits in SCR to 0 |
|

| Set corresponding bit in ICR to 1 | (1
|

Set CKE1 and CKEQO bits in SCR
(TE and RE bits are 0)

Set data transfer format in
SMR and SCMR

|
Set value in BRR [4]

Wait

1-bit interval elapsed

Set TE or RE bit in
SCRto 1, and set RIE, TIE, TEIE, [5]
and MPIE bits

<Initialization completion>

1]

[2]

[3]

[4]

[5]

Set the bit in ICR for the corresponding
pin when receiving data or using an
external clock.

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE, TEIE, ant
MPIE, and bits TE and RE, to 0.

When the clock output is selected in
asynchronous mode, the clock is output
immediately after SCR settings are
made.

Set the data transfer format in SMR anc
SCMR.

Write a value corresponding to the bit
rate to BRR. This step is not necessary
if an external clock is used.

Wait at least one bit interval, then set th
TE bit or RE bit in SCR to 1. Also set
the RIE, TIE, TEIE, and MPIE bits.
Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Figure14.5 Sample SCI Initialization Flowchart
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3. Data is sent from the TxD pin in the following order: start bit, transmit data, parity bi
multiprocessor bit (may be omitted depending on the format), and stop bit.
The SCI checks the TDRE flag at the timing for sending the stop bit.

5. If the TDRE flag is O, the next transmit data is transferred from TDR to TSR, the stof
sent, and then serial transmission of the next frame is started.

6. If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then t
state is entered in which 1 is output. If the TEIE bit in SCR is set to 1 at this time, a T
interrupt request is generated.

Figure 14.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bt B bit  bit bit B bit  bit 1
4 ¢ Idle ste
| 0 | DO | D1 | | D7 | on | 1 0 Do | D1 D7 | 0/1 1
( (« (mark
] 1) ' ))
i : (
TDRE | ! ) !
% A 7 I
TEND : (( : ((
: ) ) A
TXI interrupt Data written to TDR and TXI interrupt .
request generated TDRE flag clearedto 0in  request generated TEl interrupt
h TXI interrupt processing . request generated

routine
1 frame

Figure14.6 Example of Operation for Transmission in Asynchronous M od
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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11U LUNHUNdeT olial ualioliiiooivii,
read 1 from the TDRE flag to

All data transmitted? confirm that writing is possible,
then write data to TDR, and clear
the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DMAC or
DTC is initiated by a transmit data
empty interrupt (TXI) request and
writes data to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pinto 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Clear DR to 0 and
set DDR to 1

Clear TE bitin SCR to 0 |

<End>

Figure14.7 Sample Serial Transmission Flowchart
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3. If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferr
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt request is generat

4. If a framing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 an
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interr
request is generated.

5. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt req
generated. Because the RXI interrupt processing routine reads the receive data transfe
RDR before reception of the next receive data has finished, continuous reception can
enabled.

Start Data Parity Stop Start Data Parity Stop
1 bit (« bit  bit bit " bit  bit 1
)) )
o | po| b1 o7 |on| 1| o |pofbi p7 [ ot | o [ 'dlestate
(mark ste

(( ((
) )

RDRF «
)

((
)]

FER «
)

((
)] )

RXI interrup:t RDR data read and RDRF

request ' flag cleared to 0 in RXI ERI interrupt requ

generated ' interrupt processing routine generated by frar
! error

1 frame

A

>

Figure 14.8 Example of SCI Operation for Reception
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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Transferred to RDR  Framing error + parity

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framir
1 1 0 1 Lost Overrun error + parity
0 0 1 1

1 1 1 1

Lost Overrun error + framir
parity error

Note: * The RDRF flag retains the state it had before data reception.
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| ReadRDRFflaginSSR | [4]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

| crearREbitinSCRt00 |

<End>

[4]

i AT el el b Al e Aty Y

the RxD pin.

SCI state check and receive data read:
Read SSR and check that RDRF = 1,
then read the receive data in RDR and
clear the RDRF flag to 0. Transition of
the RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and RDR,
and clear the RDRF flag to 0.

However, the RDRF flag is cleared
automatically when the DMAC or DTC
is initiated by an RXl interrupt and
reads data from RDR.

Figure14.9 Sample Serial Reception Flowchart (1)
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A

Framing error processing | |

Clear RE bitin SCR to 0

No

Parity error processing

Clear ORER, PER, and

FER flags

in SSRto 0

<End>

Figure14.9 Sample Serial Reception Flowchart (2)

RENESAS
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transmitting station Iirst sends data which includes the 1D code of the receiving station ar
multiprocessor bit set to 1. It then transmits transmit data added with a multiprocessor bit
to 0. The receiving station skips data until data with a 1 multiprocessor bit is sent. When «
a 1 multiprocessor bit is received, the receiving station compares that data with its own II
station whose ID matches then receives the data sent next. Stations whose ID does not m:
continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set
transfer of receive data from RSR to RDR, error flag detection, and setting the SSR statu:
RDREF, FER, and ORER in SSR to 1 are prohibited until data with a 1 multiprocessor bit
received. On reception of a receive character with a 1 multiprocessor bit, the MPB bit in .
set to 1 and the MPIE bit is automatically cleared, thus normal reception is resumed. If th
in SCR is set to 1 at this time, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is invalid. All other bit
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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!

-
1
'

ID transmission cycle = Data transmission cycle =
receiving station Data transmission to

specification receiving station specified by ID
[Legend]

MPB: Multiprocessor bit

Figure14.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

Rev. 2.00 Jun. 28, 2007 Pag

RENESAS REJOS



| Read TDRE flag in SSR | 2

Yes

Write transmit data to TDR and
set MPBT bit in SSR

|
Clear TDRE flag to 0

No

All data transmitted? [3]

[4]

Clear DR to 0 and set DDR to 1

Clear TE bitin SCR to 0

(2]

(3]

4]

W i, alls DUpuULiol UNic irallic,
and transmission is enabled.

SCl status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to 0.
However, the TDRE flag is
checked and cleared
automatically when the DMAC or
DTC is initiated by a transmit
data empty interrupt (TXI)
request and writes data to TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set DDR for the
port to 1, clear DR to 0, and then
clear the TE bit in SCR to 0.

Figure14.11 Sample Multiprocessor Serial Transmission Flowchart
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vy Ll L 1 1 v vy v i v IUIT ol
e (| LT Tl 1§
(¢
))
MPIE
RDRF ( | | (
/ / A
RDR
D1
value X
MPIE =0 RXI interrupt RDR data read If not this station's ID,  RXI interrupt re
request and RDRF flag MPIE bit is set to 1 not generated,
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine
(a) Data does not match station's ID
Start Data (ID2) Stop  Start Data (Data 2) Stop
bit ( MPB  bit bit (0 MPB bit
) )]
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idles
( 5 (mark
MPIE | "
) 4
e g /l /,l g |
RDR
ID1 ID2 D:
value X X
MPIE =0 RXI interrupt RDR data read and  Matches this station's ID, MPIE bit

request

(multiprocessor
interrupt)
generated

RDREF flag cleared
to 0 in RXI interrupt
processing routine

so reception continues, and  again
data is received in RXI
interrupt processing routine

(b) Data matches station's ID

Figure14.12 Example of SCI Operation for Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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[4] SCI state check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in
RDR.

Read receive data in RDR

[5] Receive error processing and break
detection:
If a receive error occurs, read the ORER
and FER flags in SSR to identify the

This station’s ID?

l(es error. After performing the appropriate
— error processing, ensure that the ORER
Read ORER and FER flags in SSR and FER flags are both cleared to 0.
Reception cannot be resumed if either

Yes of these flags is set to 1. In the case of a
> framing error, a break can be detected
by reading the RxD pin value.

FER v ORER =1

| ReadRDRFflaginSSR | 4]

All data received? y 5]
( Error processing )

| (Continued on
next page)

| Clear RE bit in SCR to 0

|
<End>

Figure 14.13 Sample Multiprocessor Serial Reception Flowchart (1)
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No

\
| Framing error processing | | Clear RE bitin SCR to 0

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.13 Sample Multiprocessor Serial Reception Flowchart (2)
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transmission or the previous receive data can be read during reception, enabling continuo
transfer.

One unit of transfer data (character or frame)

* o g *
Synchronization I l I | I | I | I | I | I | I | I I I
clock ' '
' LSB MSB !
Serial data 4 XBito X Bit1 X Bit2 X Bit 3 X Bit4 X Bit5 X Bit6 X Bit7 X A
1 1 I
Don't care Don't care

Note: * Holds a high level except during continuous transfer.

Figure14.14 Data Format in Clocked Synchronous Communication (L SB-Fi

14.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of th
and CKEO bits in SCR. When the SCI is operated on an internal clock, the synchronizatic
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer
character, and when no transfer is performed the clock is fixed high. Note that in the case
reception only, the synchronization clock is output until an overrun error occurs or until t
is cleared to 0.
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| Clear I'e and RE bits In SCH 10 O |
|

| Set corresponding bit in ICR to 1 | [1]
|

Set CKE1 and CKEO bits in SCR
(TE and RE bits are 0) [2]

|
Set data transfer format in 3]
SMR and SCMR

|
Set value in BRR [4]

Wait

No
1-bit interval elapsed?

Set TE or RE bitin SCR to 1, and 5]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

(2]

(3]

(4]

(5]

pin when receiving data or using an
external clock.

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
and bits TE and RE, to 0.

Set the data transfer format in SMR and
SCMR.

Write a value corresponding to the bit
rate to BRR. This step is not necessary
if an external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bitin SCR to 1.

Also set the RIE, TIE TEIE, and MPIE
bits. Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Note: In simultaneous transmit and receive operations, the TE and RE bits should both

be cleared to 0 or set to 1 simultaneously.

Figure14.15 Sample SCI Initialization Flowchart

RENESAS
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3. 8-bit data is sent from the TxD pin synchronized with the output clock when clock ou
mode has been specified and synchronized with the input clock when use of an extern
has been specified.

The SCI checks the TDRE flag at the timing for sending the last bit.

5. If the TDRE flag is cleared to O, the next transmit data is transferred from TDR to TS
serial transmission of the next frame is started.

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TxD pin retains
output state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI interru,
is generated. The SCK pin is fixed high.

Figure 14.17 shows a sample flowchart for serial data transmission. Even if the TDRE flz
cleared to O, transmission will not start while a receive error flag (ORER, FER, or PER) i
Make sure to clear the receive error flags to O before starting transmission. Note that clea
RE bit to 0 does not clear the receive error flags.

Transfer direction ,
, — h

Synchronization | I | I | I | I | I | I | Issl I | I
clock b

Serial data X Bit 0 X Bit 1 )CD( Bit 7 X Bit0 X Bit1 X E:‘ X Bit 6 X Bit 7
)

(
)

TDRE

TEND |
{C
) “

TXl interrupt
request generated

Data written to TDR TXl interrupt

and TDRE flag cleared request generated
to 0 in TXI interrupt i

processing routine

TEl interrupt reques
generated

1 frame

Figure14.16 Example of Operation for Transmission in Clocked Synchronous
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TDRE flag to 0. However, the TDRE
flag is checked and cleared
automatically when the DMAC or DTC
is initiated by a transmit data empty
interrupt (TXI) request and writes data
to TDR.

Yes

|  clearTEbitinSCRt00 |

<End>

Figure14.17 Sample Serial Transmission Flowchart
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==

If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is

transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt req
generated. Because the RXI interrupt processing routine reads the receive data transfe
RDR before reception of the next receive data has finished, continuous reception can

enabled.

Synchronization

S T s 1 1 1 I

clock
I(d I(d
Serial data XBit7 XBito X . XBit7 X Bito X Bit1 X . XBitGXBit7)C
: » : )
RDRF [ ] [
ORER S N |
RXI interrupt E RDR data read and E RXI interrupt ERI interrupt reques
request ' RDRF flag cleared ' request generated generated by overru
generated 1 to 0in RXlinterrupt | error
| processing routine |
- 1 frame >
Figure 14.18 Example of Operation for Reception in Clocked Synchronous M

Transfer cannot be resumed while a receive error flag is set to 1. Accordingly, clear the C
FER, PER, and RDREF bits to 0 before resuming reception. Figure 14.19 shows a sample -

for serial data reception.
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RDRF = 1 data in RDR and clear the RDRF flag
to 0. Transition of the RDRF flag from
Yes 0 to 1 can also be identified by an RXI

Read receive data in RDR and interrupt.
clear RDRF flag in SSR to 0

[5] Serial reception continuation

procedure:
Al data received 5] To continug serial reception, before '
the MSB (bit 7) of the current frame is

Yes received, reading the RDRF flag,

o reading RDR, and clearing the RDRF
| Clear RE bitin SCR to 0 | flag to 0 should be finished. However,
[ the RDREF flag is cleared automatically

<End> when the DMAC or DTC is initiated by
reads data from RDR.

I
Overrun error processing
Il
Clear ORER flag in SSR to 0

I
<End>

[3] ( Error processing ) a receive data full interrupt (RXI) and
| |
| |

Figure14.19 Sample Serial Reception Flowchart

14.6.5 Simultaneous Serial Data Transmission and Reception (Clocked Synchro
Mode)

Figure 14.20 shows a sample flowchart for simultaneous serial transmit and receive ope
After initializing the SCI, the following procedure should be used for simultaneous seric
transmit and receive operations. To switch from transmit mode to simultaneous transmif
receive mode, after checking that the SCI has finished transmission and the TDRE and -
flags are set to 1, clear the TE bit to 0. Then simultaneously set both the TE and RE bits
a single instruction. To switch from receive mode to simultaneous transmit and receive |
after checking that the SCI has finished reception, clear the RE bit to 0. Then after checl
the RDRF bit and receive error flags (ORER, FER, and PER) are cleared to 0, simultane
both the TE and RE bits to 1 with a single instruction.
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| Read ORER flag in SSR

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

Yes

Clear TE and RE bits in SCR to 0

<End>

5]

HRead ooR and check that the RDRF 1lag |
then read the receive data in RDR and cle
RDREF flag to 0. Transition of the RDRF fl:
to 1 can also be identified by an RXI interr

[5] Serial transmission/reception continuation

procedure:

To continue serial transmission/ reception,
the MSB (bit 7) of the current frame is rece
finish reading the RDRF flag, reading RDF
clearing the RDRF flag to 0. Also, before tl
(bit 7) of the current frame is transmitted, r
from the TDRE flag to confirm that writing
possible. Then write data to TDR and clea
TDRE flag to 0.

However, the TDRE flag is checked and ¢
automatically when the DMAC or DTC is i
by a transmit data empty interrupt (TXI) re
writes data to TDR. Similarly, the RDRF fl
cleared automatically when the DMAC or [
initiated by a receive data full interrupt (RX
reads data from RDR.

Note: When switching from transmit or receive operation to simultaneous transmit and receive
operations, first clear the TE bit and RE bit to 0, then set both these bits to 1 simultaneously.

Figure14.20 Sample Flowchart of Simultaneous Serial Transmission and Rece
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LAL alld RNALJ PLIS allU pull up ulc Udld U allsiiissiolnt 1ic tv VCC Uuslllyg a 1Cs1510L. viUtllys
and TE bits to 1 with the IC card not connected enables closed transmission/reception al
self diagnosis. To supply the IC card with the clock pulses generated by the SCI, input t
pin output to the CLK pin of the IC card. A reset signal can be supplied via the output p

LSI.

Vce
TxD %
+ *— 110
RxD Data line
SCK Clock line CLK
Rx (port) mosarT RST
This LS esetline IC card
Main unit of the device
to be connected

Figure14.21 Pin Connection for Smart Card Interface
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alter at 1east 2 Ctu.

In normal transmission/reception

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp
Output from the transmitting station
When a parity error is generated
Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE
Output from the transmitting station
Output from
[Legend] the receiving sta
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 14.22 Data Formatsin Normal Smart Card I nterface Mode

For communication with the IC cards of the direct convention and inverse convention tyf
follow the procedure below.

@) A

z

Ds

DO

D1

D2

D3

D4

D5

D6

A

| D7

z

(2) state

Dp

Figure 14.23 Direct Convention (SDIR = SINV = O/E = 0)
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For the inverse convention type, logic levels 1 and O correspond to states A and Z, respe
and data is transferred with MSB-first as the start character, as shown in figure 14.24. T
data in the start character in the figure is H'3F. When using the inverse convention type,
both the SDIR and SINV bits in SCMR. The parity bit is logic level 0 to produce even
which is prescribed by the smart card standard, and corresponds to state Z. Since the SN
this LSI only inverts data bits D7 to DO, write 1 to the O/E bit in SMR to invert the pari
both transmission and reception.

14.7.3 Block Transfer Mode
Block transfer mode is different from normal smart card interface mode in the following

e Even if a parity error is detected during reception, no error signal is output. Since the
in SSR is set by error detection, clear the PER bit before receiving the parity bit of tl
frame.

e During transmission, at least 1 etu is secured as a guard time after the end of the pari
before the start of the next frame.

e Since the same data is not re-transmitted during transmission, the TEND flag is set 1
after transmission start.

o Although the ERS flag in block transfer mode displays the error signal status as in n
smart card interface mode, the flag is always read as 0 because no error signal is trar
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M= | (o.5-ﬁ )= (L-05)F— JiD?\lo-N (1+F) | x 100%

M: Reception margin (%)

N: Ratio of bit rate to clock (N = 32, 64, 372, 256)
D: Duty cycle of clock (D =0 to 1.0)

L: Frame length (L = 10)

F: Absolute value of clock frequency deviation

Assuming values of F =0, D = 0.5, and N = 372 in the above formula, the reception marg
determined by the formula below.

M= (05 - ) x 100% = 49.866%

2x372 372

372 clock cycles

186 clock

cycles
0 ;l 3710 371 0
Internal
basic clock S

. HE ((
Receive data :
(RxD) 5|5 5 0 Start bit (( [ U
T ))
Synchronization e E E H
sampling timing : |1 ( v " i
;o )] T
Data sampling (| =i
timing (m (( (( H ((
) )] )] T

\_f—\,—\/—

Figure 14.25 Receive Data Sampling Timingin Smart Card Interface Mod
(When Clock Frequency is 372 Timesthe Bit Rate)
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5. Set the SMIF, SDIR, and SINV bits in SCMR appropriately. When the DDR corresy
the TxD pin is cleared to 0, the TxD and RxD pins are changed from port pins to SC
placing the pins into high impedance state.

6. Set the value corresponding to the bit rate in BRR.

7. Set the CKE1 and CKEQO bits in SCR appropriately. Clear the TIE, RIE, TE, RE, MF
TEIE bits to 0 simultaneously.

When the CKEDO bit is set to 1, the SCK pin is allowed to output clock pulses.

8. Set the TIE, RIE, TE, and RE bits in SCR appropriately after waiting for at least a 1-

interval. Setting the TE and RE bits to 1 simultaneously is prohibited except for self

To switch from reception to transmission, first verify that reception has completed, then
the SCI. At the end of initialization, RE and TE should be set to 0 and 1, respectively. R
completion can be verified by reading the RDRF, PER, or ORER flag. To switch from
transmission to reception, first verify that transmission has completed, then initialize the
the end of initialization, TE and RE should be set to 0 and 1, respectively. Transmission
completion can be verified by reading the TEND flag.
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e

3. If no error signal is returned from the receiving end, the ERS bit in SSR is not set to 1

4. In this case, one frame of data is determined to have been transmitted including re-tra
the TEND bit in SSR is set to 1. Here, a TXI interrupt request is generated if the TIE
SCR is set to 1. Writing transmit data to TDR starts transmission of the next data.

Figure 14.28 shows a sample flowchart for transmission. All the processing steps are
automatically performed using a TXI interrupt request to activate the DMAC or DTC. In
transmission, the TEND and TDRE flags in SSR are simultaneously set to 1, thus generaf
TXI interrupt request if the TIE bit in SCR has been set to 1. This activates the DMAC or
a TXI request thus allowing transfer of transmit data if the TXI interrupt request is specif
source of DMAC or DTC activation beforehand. The TDRE and TEND flags are automa
cleared to O at data transfer by the DMAC or DTC. If an error occurs, the SCI automatica
transmits the same data. During re-transmission, the TEND flag remains as 0, thus not ac
the DMAC or DTC. Therefore, the SCI and DMAC or DTC automatically transmit the sj
number of bytes, including re-transmission in the case of error occurrence. However, the
is not automatically cleared; the ERS flag must be cleared by previously setting the RIE
enable an ERI interrupt request to be generated at error occurrence.

When transmitting/receiving data using the DMAC or DTC, be sure to set and enable the
or DTC prior to making SCI settings. For DMAC settings, see section 7, DMA Controlle
(DMAC), and for DTC settings, see section 8, Data Transfer Controller (DTC).
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Figure14.26 Data Re-Transfer Operation in SCI Transmission Mode

Note that the TEND flag is set in different timings depending on the GM bit setting in S
Figure 14.27 shows the TEND flag set timing.

/0 data Ds |Do|D1|D2| D3| D4a|D5|D6|D7|Dp| iDE} !
I Guard timei
TEND interrupt N
( interrupt) B 12.5 etu L

GM=0 .

- 11.0 etu R |

GM=1 :

[Legend]

Ds: Start bit

DO to D7: Data bits

Dp: Parity bit

DE: Error signal

Figure14.27 TEND Flag Set Timing during Transmission
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Write data to TDR and clear
TDRE flag in SSR to 0

All data transmitted?

Error processing )

| Clear TE bitin SCR to 0 |

( Er|1d )

Figure 14.28 Sample Transmission Flowchart

Rev. 2.00 Jun. 28, 2007 Page 614 of 864
REJ09B0341-0200 RENESAS



4. 1N is €asc, data 1S deiermined L0 nave becn received SucCCessiully, and tne KPR D1
set to 1. Here, an RXIT interrupt request is generated if the RIE bit in SCR is set to 1.

Figure 14.30 shows a sample flowchart for reception. All the processing steps are automn
performed using an RXI interrupt request to activate the DMAC or DTC. In reception, s
RIE bit to 1 allows an RXI interrupt request to be generated when the RDRF flag is set 1
activates the DMAC or DTC by an RXI request thus allowing transfer of receive data if
interrupt request is specified as a source of DMAC or DTC activation beforehand. The |
is automatically cleared to O at data transfer by the DMAC or DTC. If an error occurs du
reception, i.e., either the ORER or PER flag is set to 1, a transmit/receive error interrupt
request is generated and the error flag must be cleared. If an error occurs, the DMAC or
not activated and receive data is skipped, therefore, the number of bytes of receive data

in the DMAC or DTC is transferred. Even if a parity error occurs and the PER bit is set

reception, receive data is transferred to RDR, thus allowing the data to be read.

Note: For operations in block transfer mode, see section 14.4, Operation in Asynchrorn

(n+1)th
- nth transfer frame Retransfer frame transfer fram

-Ds|pojp1 |Dz|D3|D4|Ds|De|D7|Dp|-|E,—|Ds|Do|D1 |D2|D3|D4|D5|D6|D7|DpIE=Ds|D0|D1 [p2[po

RDRF |

T2 (4]

PER |

1) e

Figure14.29 Data Re-Transfer Operation in SCI Reception Mode
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[Yes

Read data from RDR and
clear RDRF flag in SSR to 0

All data received?

Yes
| Clear RE bit in SCR to 0 |

Figure 14.30 Sample Reception Flowchart

14.7.8  Clock Output Control

Clock output can be fixed using the CKE1 and CKEQO bits in SCR when the GM bit in SM
to 1. Specifically, the minimum width of a clock pulse can be specified.

Figure 14.31 shows an example of clock output fixing timing when the CKEQ bit is contr
with GM = 1 and CKE1 = 0.

CKEO

SCK | |

[

Given pulse width Given pulse width

Figure14.31 Clock Output Fixing Timing

At power-on and transitions to/from software standby mode, use the following procedure
the appropriate clock duty cycle.
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1. Set the data register (DR) and data direction register (DDR) corresponding to
pin to the values for the output fixed state in software standby mode.

2. Write 0 to the TE and RE bits in SCR to stop transmission/reception. Simulta
set the CKE1 bit to the value for the output fixed state in software standby m

3. Write O to the CKEO bit in SCR to stop the clock.

4. Wait for one cycle of the serial clock. In the mean time, the clock output is fi
specified level with the duty cycle retained.

5. Make the transition to software standby mode.
— At transition from smart card interface mode to software standby mode
1. Clear software standby mode.

2. Write 1 to the CKEO bit in SCR to start clock output. A clock signal with the
appropriate duty cycle is then generated.

. Software .
Normal operation | standby | Normal operation

1

012118l (41 [8] 6l [7]

Figure14.32 Clock Stop and Restart Procedure
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by the DMAC or DTC.

When the RDREF flag in SSR is set to 1, an RXI interrupt request is generated. When the |
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RXI interrt
activate the DMAC or DTC to allow data transfer. The RDRF flag is automatically cleare
data transfer by the DMAC or DTC.

A TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit is set to 1
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority
acceptance. However, note that if the TDRE and TEND flags are cleared to O simultaneo
the TXIT interrupt processing routine, the SCI cannot branch to the TEI interrupt processir
later.

Table 14.12 SCI Interrupt Sources

DTC DMAC
Name Interrupt Source Interrupt Flag Activation Activation
ERI Receive error ORER, FER, or Not possible Not possible
PER
RXI Receive data full RDRF Possible Possible
TXI Transmit data empty TDRE Possible Possible
TEI Transmit end TEND Not possible Not possible
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RXI Receive data full RDRF Possible Possible
TXI Transmit data empty TDRE Possible Possible

Data transmission/reception using the DMAC or DTC is also possible in smart card inte
mode, similar to in the normal SCI mode. In transmission, the TEND and TDRE flags i
simultaneously set to 1, thus generating a TXI interrupt. This activates the DMAC or D
TXI request thus allowing transfer of transmit data if the TXI request is specified as a sc
DMAC or DTC activation beforehand. The TDRE and TEND flags are automatically cl
at data transfer by the DMAC or DTC. If an error occurs, the SCI automatically re-trans
same data. During re-transmission, the TEND flag remains as 0, thus not activating the ]
DTC. Therefore, the SCI and DMAC or DTC automatically transmit the specified numt
bytes, including re-transmission in the case of error occurrence. However, the ERS flag
which is set at error occurrence, is not automatically cleared; the ERS flag must be clear
previously setting the RIE bit in SCR to 1 to enable an ERI interrupt request to be gener
eITor occurrence.

When transmitting/receiving data using the DMAC or DTC, be sure to set and enable th
or DTC prior to making SCI settings. For DMAC settings, see section 7, DMA Controll
(DMAC), and for DTC settings, see section 8, Data Transfer Controller (DTC).

In reception, an RXI interrupt request is generated when the RDRF flag in SSR is set to
activates the DMAC or DTC by an RXI request thus allowing transfer of receive data if
request is specified as a source of DMAC or DTC activation beforehand. The RDREF fla
automatically cleared to O at data transfer by the DMAC or DTC. If an error occurs, the
flag is not set but the error flag is set. Therefore, the DMAC or DTC is not activated anc
interrupt request is issued to the CPU instead; the error flag must be cleared.
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When framing error detection is performed, a break can be detected by reading the RxD |
directly. In a break, the input from the RxD pin becomes all Os, and so the FER flag is set
PER flag may also be set. Note that, since the SCI continues the receive operation even a
receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again.

1493 Mark State and Break Detection

When the TE bit is 0, the TxD pin is used as an I/O port whose direction (input or output
level are determined by DR and DDR. This can be used to set the TxD pin to mark state (
level) or send a break during serial data transmission. To maintain the communication lin
state (the state of 1) until TE is set to 1, set both DDR and DR to 1. Since the TE bit is cle
at this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin. To senc
during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE bit to 0.
TE bit is cleared to O, the transmitter is initialized regardless of the current transmission s
TxD pin becomes an I/O port, and O is output from the TxD pin.

1494 Receive Error Flagsand Transmit Operations (Clocked Synchronous Moc

Transmission cannot be started when a receive error flag (ORER, FER, or RER) is set to

the TDRE flag is cleared to 0. Be sure to clear the receive error flags to O before starting

transmission. Note also that the receive error flags cannot be cleared to 0 even if the RE t
cleared to 0.
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When the external clock source is used as a synchronization clock, update TDR by t
or DTC and wait for at least five P¢ clock cycles before allowing the transmit clock
input. If the transmit clock is input within four clock cycles after TDR modification,
may malfunction (figure 14.33).

When using the DMAC or DTC to read RDR, be sure to set the receive end interrup
the DMAC or DTC activation source.

Note: When external clock is supplied, t must be more than four clock cycles.

Figure 14.33 Sample Transmission using DTC in Clocked Synchronous M1
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TE bit to 1, read SSR, write to TDR, clear TDRE in this order, and then start transmissio:
transmit data in a different transmission mode, initialize the SCI first.

Figure 14.34 shows a sample flowchart for transition to software standby mode during
transmission. Figures 14.35 and 14.36 show the port pin states in transition to software st
mode.

Before specifying the module stop state or making a transition to software standby mode
transmission mode using DTC transfer, stop all transmit operations (TE = TIE = TEIE =
Setting the TE and TIE bits to 1 after cancellation sets the TXI flag to start transmission 1
DTC.

(2) Reception

Before specifying the module stop state or making a transition to software standby mode,
receive operations (RE = 0). RSR, RDR, and SSR are reset. If transition is made during d
reception, the data being received will be invalid.

To receive data in the same reception mode after cancellation of the power-down state, s¢
bit to 1, and then start reception. To receive data in a different reception mode, initialize f
first.

Figure 14.37 shows a sample flowchart for transition to software standby mode during re
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S L=l
I_I_I [2] Clear the TIE and TEIE bits to 0

Make transition to [3] when they are 1.
software standby mode

T [3] Setting of the module stop state
is included.
| Cancel software standby mode

Change operating mode?

Initialization TE =1

Start transmission

Figure 14.34 Sample Flowchart of Transition to Softwar e Standby Modein Trar

Transition to
o o Softwe
Transmission start Transmission end  software standby

. } bl
TE bit I |: I

SCK : :
output pin ' |nput/%utput '

XD Bom ._ 4 . -
output pin inputﬁ)utput Tngh output Start Stop Port input/output Y |
P SCI TxD output > Port —|

ort >

Figure 14.35 Port Pin Statesduring Transition to Software Standby Moc
(Internal Clock, Asynchronous Transmission)
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(Internal Clock, Clocked Synchronous Transmission)

Reception

| Read RDRF flag in SSR |

« No [1] [1] Data being received will be invalid.

Yes

| Read receive data in RDR |

[2] Setting of the module stop state is included.

Make transition to
software standby mode [2]

| Cancel software standby mode |

Start reception

Figure 14.37 Sample Flowchart of Transition to Software Standby Mode in Rec
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Eight mnput channels

Conversion time: 7.4 ps per channel (at 35-MHz operation)

Two kinds of operating modes

— Single mode: Single-channel A/D conversion

— Scan mode: Continuous A/D conversion on 1 to 4 channels, or 1 to 8 channels
Eight data registers

A/D conversion results are held in a 16-bit data register for each channel

Sample and hold function

Three types of conversion start

Conversion can be started by software, a conversion start trigger by the 16-bit timer
(TPU) or 8-bit timer (TMR), or an external trigger signal.

Interrupt source
A/D conversion end interrupt (ADI) request can be generated.

Module stop state specifiable
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ANO —»
ANt —| | T >+
AN2 —» —-—o\ol—v—> _
AN3 > § E I E Comparator
ANd —=| 2 ' : Control circuit
AN5 —> 5 Sample-and-
= hold circuit
AN6 —>
AN7 >
A
? ADIO interr
_ signal
ADTRGO
Conversion start
trigger from the

[Legend] TPU or TMR

ADCR: A/D control register ADDRD: A/D data register D

ADCSR: A/D control/status register ADDRE: A/D data register E

ADDRA: A/D data register A ADDRF: A/D data register F

ADDRB: A/D data register B ADDRG: A/D data register G

ADDRC: A/D data register C ADDRH: A/D data register H

Figure15.1 Block Diagram of A/D Converter
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Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin ~ ADTRGO Input External trigger input for starting A/D c
Analog power supply pin AV, Input Analog block power supply

Analog ground pin AV Input Analog block ground

Reference voltage pin Vref Input A/D conversion reference voltage

15.3 Register Descriptions
The A/D converter has the following registers.

o A/D data register A (ADDRA)

e A/D data register B (ADDRB)

e A/D data register C (ADDRC)

e A/D data register D (ADDRD)

o A/D data register E (ADDRE)

e A/D data register F (ADDRF)

e A/D dataregister G (ADDRG)

e A/D data register H (ADDRH)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)
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Bit 15 14 13 12 11 10 9 8 7

6 5 4 3 2 1
sinveme | | | | [ [ [ [ ] | [J-]-]-[-]-
o 0o 0o 0 0 o0

Initial Value 0 0 0 0 0 0 0 0 0

R/W R R R R R R R R R R R R R R F

Table15.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel A/D Data Register Which Stores Conversiol
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
AN4 ADDRE
AN5 ADDRF
AN6 ADDRG
AN7 ADDRH
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Bit

Bit Name Value

Initial

R/W

Description

7

ADF

0

R/(W

)*

A/D End Flag

A status flag that indicates the end of A/D conv
[Setting conditions]

e When A/D conversion ends in single mode

e  When A/D conversion ends on all specified
in scan mode

[Clearing conditions]

e When 0 is written after reading ADF =1
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

¢ When the DMAC or DTC is activated by an
interrupt and ADDR is read

6

ADIE

0

R/W

A/D Interrupt Enable

When this bit is set to 1, ADI interrupts by ADF
enabled.

5

ADST

0

R/W

A/D Start

Clearing this bit to 0 stops A/D conversion, and
converter enters wait state.

Setting this bit to 1 starts A/D conversion. In sir
this bit is cleared to 0 automatically when A/D c
on the specified channel ends. In scan mode, £
conversion continues sequentially on the speci
channels until this bit is cleared to 0 by a transi
hardware standby mode.

Reserved
This is a read-only bit and cannot be modified.
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0110: AN6

0111: AN7

1XXX: Setting prohibited
e When SCANE =1 and SCANS =0

0000: ANO

0001: ANO and AN1

0010: ANO to AN2

0011: ANO to AN3

0100: AN4

0101: AN4 and AN5

0110: AN4 to AN6

0111: AN4 to AN7

1XXX: Setting prohibited
e When SCANE = 1 and SCANS = 1

0000: ANO

0001: ANO and ANT

0010: ANO to AN2

0011: ANO to AN3

0100: ANO to AN4

0101: ANO to AN5

0110: ANO to AN6

0111: ANO to AN7

1XXX: Setting prohibited

[Legend]
X: Don't care
Note: * Only 0 can be written to this bit, to clear the flag.
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7 TRGSH1 0 R/W Timer Trigger Select 1 and 0
6 TRGSO0 0 R/W These bits select enabling or disabling of the st
conversion by a trigger signal.
00: A/D conversion start by external trigger is d
01: A/D conversion start by external trigger fror
enabled
10: A/D conversion start by external trigger fror
enabled
11: A/D conversion start by the ADTRGO pin is
5 SCANE 0 R/W Scan Mode
SCANS 0 R/W These bits select the A/D conversion operating
0X: Single mode
10: Scan mode. A/D conversion is performed
continuously for channels 1 to 4.
11: Scan mode. A/D conversion is performed
continuously for channels 1 to 8.
CKS1 0 R/W Clock Select 1 and 0
2 CKSO0 0 R/W These bits set the A/D conversion time. Set bits

and CKSO0 only while A/D conversion is stoppe
0).

00: A/D conversion time = 530 states (max)
01: A/D conversion time = 266 states (max)
10: A/D conversion time = 134 states (max)
11: A/D conversion time = 68 states (max)
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154  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has tw
operating modes: single mode and scan mode. When changing the operating mode or ana
channel, to prevent incorrect operation, first clear the ADST bit in ADCSR to 0 to halt A,
conversion. The ADST bit can be set to 1 at the same time as the operating mode or analc
channel is changed.

154.1 SingleMode

In single mode, A/D conversion is to be performed only once on the analog input of the s
single channel.

1. A/D conversion for the selected channel is started when the ADST bit in ADCSR is s
software or an external trigger input.

2. When A/D conversion is completed, the A/D conversion result is transferred to the
corresponding A/D data register of the channel.

3. When A/D conversion is completed, the ADF bit in ADCSR is set to 1. If the ADIE b
to 1 at this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared tc
A/D conversion ends. The A/D converter enters wait state. If the ADST bit is cleared
during A/D conversion, A/D conversion stops and the A/D converter enters wait state
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Channel 2 (AN2) [~ Waiting for conversion ‘] ‘l

operation state / /

Channel 3 (AN3) [~ Waiting for conversion
operation state

ADDRA

| \
\ *Reading A/D conversion result \ +Heading A/D cor

ADDRB X A/D conversion result 1 X A/D conversion r

ADDRC

ADDRD

Note: * | indicates the timing of instruction execution by software.

Figure15.2 Exampleof A/D Converter Operation (Single Mode, Channel 1 Se

15.4.2 Scan Mode

In scan mode, A/D conversion is to be performed sequentially on the analog inputs of th
channels up to four or eight channels.

1. When the ADST bit in ADCSR is set to 1 by software, TPU, TMR, or an external tri
input, A/D conversion starts on the first channel in the group. Consecutive A/D cony
a maximum of four channels (SCANE and SCANS = B'10) or on a maximum of eig
channels (SCANE and SCANS = B'l1) can be selected. When consecutive A/D con
performed on four channels, A/D conversion starts on AN4 when CH3 and CH2 = B
consecutive A/D conversion is performed on eight channels, A/D conversion starts
when CH3 = B'0.

2. When A/D conversion for each channel is completed, the A/D conversion result is s
transferred to the corresponding ADDR of each channel.
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ADST

I:
D conver5|or1 time

ADF
Channel 0 (ANO) — Waiting forA—A/D — |
I: conversion conver- &  Waiting for conversion |

A/D

| Waiting for col

operation state sion 1
(Vo L)

conver-
sion 4

é: Waiting

Channel 1 (AN1) = - ~ - ~
operation state | Waiting for conversion 1] gioor:]VSr ?\ Wamng(?converswn }/ cs:l%r:]vgr convers
Channel 2 (AN2) = - _ —
operation state | Waiting for conversion /' ‘1/) glocr;vgr ‘{\\ (/ Waiting for cony
Channel 3 (AN3) = -
operation state | Waiting for conversion | / | \

\ Transfer \
ADDRA X X A/D conversion

A/D conversion r%ult 1

ADDRB | A/D conversion result 2
ADDRC A/D conversion result 3
ADDRD

Notes: 1. | indicates the timing of instruction execution by software.
2. Data being converted is ignored.

Figure15.3 Example of A/D Conversion
(Scan Mode, Three Channels (ANO to AN2) Selected)
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In scan mode, the values given in table 15.3 apply to the first conversion time. The valu
table 15.4 apply to the second and subsequent conversions. In either case, bits CKS1 an
ADCR should be set so that the conversion time is within the ranges indicated by the A/
conversion characteristics.

S

Address

Write signal

= HE"

Input sampling
timing 0

ADF

Tt tepL

tconv
[Legend]
(1):  ADCSR write cycle
(2):  ADCSR address
tp. A/D conversion start delay time
tsp:  Input sampling time
tconv: A/D conversion time

Figure15.4 A/D Conversion Timing
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Table15.4 A/D Conversion Characteristics (Scan Mode)

CKSs1 CKSO0 Conversion Time (Number of States)
0 0 512 (Fixed)
1 256 (Fixed)
1 0 128 (Fixed)
1 64 (Fixed)
15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bits are set to
ADCR, an external trigger is input from the ADTRGO pin. A/D conversion starts when tt
bit in ADCSR is set to 1 on the falling edge of the ADTRGO pin. Other operations, in bot
and scan modes, are the same as when the ADST bit has been set to 1 by software. Figure

shows the timing.

Po N I A

ADTRGO

Internal
trigger signal

ADST

| A/D conversion
|

Figure15.5 External Trigger Input Timing
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ADIO A/D conversion end ADF Possible

15.6  A/D Conversion Accuracy Definitions

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes.

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 15.6).
Offset error

The deviation of the analog input voltage value from the ideal A/D conversion chara
when the digital output changes from the minimum voltage value B'0000000000 (H'
B'0000000001 (H'001) (see figure 15.7).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion chara
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3]
figure 15.7).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero ve
the full-scale voltage. Does not include the offset error, full-scale error, or quantizati
(see figure 15.7).

Absolute accuracy

The deviation between the digital value and the analog input value. Includes the offs
full-scale error, quantization error, and nonlinearity error.
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010 — Quantization error

001
000 | | | | ( | | | >
1 2 1022 1023 FS
1024 1024 1024 1024
Analog

input voltage

Figure15.6 A/D Conversion Accuracy Definitions

Digital output Full-scale error

\ |
Ideal A/D conversion
characteristic .

4
/ Nonlinearity
. error
.
;
;
.

" Actual A/D conversion
,/  Characteristic

FS

_|t Analog
Offset error

input voltage

Figure15.7 A/D Conversion Accuracy Definitions
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This LSI's analog input is designed so that the conversion accuracy is guaranteed for an
signal for which the signal source impedance is 10 kQ or less. This specification is prov
enable the A/D converter's sample-and-hold circuit input capacitance to be charged witt
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insuffic
may not be possible to guarantee the A/D conversion accuracy. However, if a large cape
provided externally for conversion in single mode, the input load will essentially compr
the internal input resistance of 10 k€2, and the signal source impedance is ignored. How
a low-pass filter effect is obtained in this case, it may not be possible to follow an analo
with a large differential coefficient (e.g., 5 mV/us or greater) (see figure 15.8). When cc
high-speed analog signal or conversion in scan mode, a low-impedance buffer should be

This LSI
Equivalent circuit of the A/D convert
Sensor output
impedance
R <10 kQ 10 kQ

. — S

i Low-pass i

- ! 15 pF
« filter , 5P
! C=0.1puF ,

(recommended value)
H

20 pF

Figure 15.8 Example of Analog Input Circuit
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If the conditions shown below are not met, the reliability of the LSI may be adversely aff

e Analog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the
AVss < VAN < Vref.

e Relation between AVcc, AVss and Vcec, Vss
As the relationship between AVcc, AVss and Vcce, Vss, set AVee =Veec £0.3 V and ,
Vss. If the A/D converter is not used, set AVcec = Vee and AVss = Vss.

e Vref setting range
The reference voltage at the Vref pin should be set in the range Vref < AVcc.

15.75 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as pc
and layout in which digital circuit signal lines and analog circuit signal lines cross or are
proximity should be avoided as far as possible. Failure to do so may result in incorrect of
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Digital circuitry must be isolated from the analog input pins (ANO to AN7), analog refere
power supply (Vref), and analog power supply (AVcc) by the analog ground (AVss). Als
analog ground (AVss) should be connected at one point to a stable ground (Vss) on the b
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/_\/

AVce

Vref

ANO to AN7

AVss

Notes: Values are reference values. /_\/

1.

10 pF 0.01 pF

2. Rin: Input impedance

Figure15.9 Example of Analog Input Protection Cir cuit

Table15.6 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10 kQ
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yvnen tnis Lol enters sortware standoy mode withh A/D conversion enavled, the analog 1n
retained, and the analog power supply current is equal to as during A/D conversion. If the
power supply current needs to be reduced in software standby mode, clear the ADST, TR

TRGSO bits all to O to disable A/D conversion.

Rev. 2.00 Jun. 28, 2007 Page 642 of 864

REJ09B0341-0200 RRENESAS



e Module stop state specifiable

Internal data
Module data bus bus

>
JUU

Bus interface

Vref —»

AVce —»
8-bit
DA1 —+—

DADRO
DADRH1
DACRO1

D/A
DA0 —+—

AVss —>

U

Control circuit

[Legend]
DADRO: D/A data register 0
DADR1: D/A data register 1
DACRO1: D/A control register 01

Figure16.1 Block Diagram of D/A Converter
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Analog output pin 1 DA1 Output Channel 1 analog output

16.3 Register Descriptions
The D/A converter has the following registers.

e D/A data register 0 (DADRO)
e D/A data register 1 (DADR1)
e D/A control register 01 (DACRO1)

16.3.1 D/A Data Registers0and 1 (DADRO and DADR1)

DADRO and DADRI1 are 8-bit readable/writable registers that store data to which D/A cc
is to be performed. Whenever an analog output is enabled, the values in DADR are conve

output to the analog output pins.

Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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7 DAOE1 0 R/W D/A Output Enable 1
Controls D/A conversion and analog output.
0: Analog output of channel 1 (DA1) is disablec
1: D/A conversion of channel 1 is enabled. Ana

of channel 1 (DA1) is enabled.

6 DAOEO 0 R/W D/A Output Enable 0
Controls D/A conversion and analog output.
0: Analog output of channel 0 (DAO) is disablec
1: D/A conversion of channel 0 is enabled. Ana

of channel 0 (DAO) is enabled.

5 DAE 0 R/W D/A Enable
Used together with the DAOEO and DAOE1 bit;
D/A conversion. When this bit is cleared to 0, O
conversion is controlled independently for chan
1. When this bit is set to 1, D/A conversion for ¢
and 1 is controlled together.
Output of conversion results is always controlle
DAOEO and DAOET1 bits. For details, see table
Control of D/A Conversion.

4t00 — All 1 R Reserved

These are read-only bits and cannot be modifie
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Analog output of channel 0 (DAO) is disabled and ar
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) i
enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) i
disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is enabled and an
output of channel 1 (DA1) is disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is disabled and ar
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) i
enabled.
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from the analog output pin DAO after the conversion time t,, has elapsed. The cor
result continues to be output until DADRO is written to again or the DAOEQ bit is cl
The output value is expressed by the following formula:

Contents of DADR/256 x V

3. If DADRO is written to again, the conversion is immediately started. The conversion
output after the conversion time t, ., has elapsed.

4. If the DAOEQ bit is cleared to 0, analog output is disabled.

DADRO DACRO1 DADRO DACRO1
write cycle write cycle write cycle write cycle
B - .~ v

» TUUUL
Address :X D X X X X )C

DADRO )( Conversion data 1 X Conversion data 2

L

DAO LIS . Conversion
L T | Conversion 1 Tts.. i —_—
High-impedance state ! ! result 1 ; &
toconv toconv
[Legend]

tpcony: D/A conversion time

Figure16.2 Example of D/A Converter Operation
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When this LSI enters software standby mode with D/A conversion enabled, the D/A outp
retained, and the analog power supply current is equal to as during D/A conversion. If the
power supply current needs to be reduced in software standby mode, clear the ADST, TR
TRGSO bits all to 0 to disable D/A conversion.
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Flash memory version H8SX/1657C 24 Kbytes H'FF6000 to H
H8SX/1656C
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Two memory MATSs

The start addresses of two memory spaces (memory MATS) are allocated to the sam
The mode setting in the initiation determines which memory MAT is initiated first. "
memory MATSs can be switched by using the bank-switching method after initiation

— User MAT initiated at a power-on reset in user mode: 768 Kbytes/512 Kbytes
— User boot MAT is initiated at a power-on reset in user boot mode: 8 Kbytes
Programming/erasing interface by the download of on-chip program

This LSI has a programming/erasing program. After downloading this program to th
RAM, programming/erasing can be performed by setting the parameters.

Programming/erasing time

Programming time: 1 ms (typ) for 128-byte simultaneous programming, 8 us per by
Erasing time: 750 ms (typ) per 1 block (64 Kbytes)

Number of programming

The number of programming can be up to 100 times at the minimum. (1 to 100 time
guaranteed.)

Three on-board programming modes

Boot mode: Using the on-chip SCI_4, the user MAT and user boot MAT can be
programmed/erased. In boot mode, the bit rate between the host and this LSI can be
automatically.

User program mode: Using a desired interface, the user MAT can be programmed/e:

User boot mode: Using a desired interface, the user boot program can be made and t
MAT can be programmed/erased.

Off-board programming mode

Programmer mode: Using a PROM programmer, the user MAT and user boot MAT
programmed/erased.
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A y

FCCS
FPCS Memory MAT unit
® FECS
2| —
a User MAT: 768 Kbytes
2 FKEY Control unit (H8SX/1657C)
g FMATS 512 Kbytes
s (H8SX/1656C)
FTDAR User boot MAT: 8 Kbytes
RAMER
Flash memory
A4

Mode pins —|  Operating
mode

[Legend]

FCCS: Flash code control/status register

FPCS: Flash program code select register

FECS: Flash erase code select register

FKEY: Flash key code register

FMATS: Flash MAT select register

FTDAR: Flash transfer destination address register
RAMER: RAM emulation register

Figure18.1 Block Diagram of Flash Memory
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nescl stalc

nUNIEdisabled modae rrograminer modae seiting
setting

)
i
@
o
7 f A} A
1 %2 (
User mode User program User boot Boo
#1 mode mode
.

RAM emulation can be
available

C On-board programming mo

Notes: * In this LSI, the user program mode is defined as the period from the timing when a prog
concerning programming and erasure is started in user mode to the timing when the pre
completed.

. Programming and erasure is started.

2. Programing and erasure is completed.

—_

Figure 18.2 Mode Transition of Flash Memory
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A~ Ll L L

erasing control

WL TIHTIAT TR A

iyt

o Isl
erasing interface

i ytartnt

o Iyl
erasing interface

SWSTTITHICAT T

All erasure O (Automatic) O (0] O (Autom
Block division ~ O%' 0 ] x

erasure

Program data  From host via SCI From desired From desired Via progre

transfer device via RAM device via RAM
RAM emulation x (0] (0] X
Reset initiation Embedded User MAT User boot MAT** —
MAT program storage

area
Transition to Changing mode Completing Changing mode  —
user mode and reset Programming/ and reset

erasure*’

Notes: 1. All-erasure is performed. After that, the specified block can be erased.

2. First, the reset vector is fetched from the embedded program storage area. Aff
flash memory related registers are checked, the reset vector is fetched from th
boot MAT.

3. In this LSI, the user programming mode is defined as the period from the timin
program concerning programming and erasure is started to the timing when th
program is completed. For details on a program concerning programming and
see section 18.8.2, User Program Mode.
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the size of the 8-kbyte user boot MAT should not be accessed. If an attempt is made, da

as an undefined value.

H'000000

H'OBFFFF2

User MAT

3 H'000000

H'001FFF

768 Kbytes*1

A

A

Notes: 1. 512 Kbytes for H8SX/1656C.
2. H'07FFFF for H8SX/1656C.

User boot MAT

I 8 Kbytes

Figure18.3 Memory MAT Configuration (H8SX/1657C)

RENESAS

Rev. 2.00 Jun. 28, 2007 Pag

REJOS



\ EBO H'000000 | H'000001 : H'000002 | «Programming unit: 128 bytes— : H'0000
Erase unit: 4 Kbytes =L | | | i

v H'O00F80 ! H'000F81 ! H'O00F82!  — — — — — — — — — — —  H'O00F

+ EB1 H'001000 : H'001001 1 H'001002: «Programming unit: 128 bytes— : H'0010
Erase unit: 4 Kbytes < T j j j

Y H'001F80 ! H'001F81 'H'001F82'  — — — — — — — — — — — + H0O1FI

A EB2 H'002000 ; H'002001 ; H'002002; «Programming unit: 128 bytes— | H'0020
Erase unit: 4 Kbytes =L_ ' ' ' '

Y H'002F80 ' H'002F81 ' H'002F82:  — — — — — — — — — — — 1+ H'002F

A EB3 H'003000 ! H'003001 ! H'003002! «Programming unit: 128 bytes— ! H'0030
Erase unit: 4 Kbytes == ! ! ! !

Y H'003F80 ' H'003F81 1 H'003F821  — — — — — — — — — — — | H'003F|

+ EB4 H'004000 | H'004001 | H'004002 | <Programming unit: 128 bytes— ! H'0040
Erase unit: 4 Kbytes <L ' ' ' !

Y H'004F80 , H'004F81 i H'004F82,  — — — — — — — — — — — . H'004F

1 EB5 H'005000 ! H'005001 ! H'005002 ! «Programming unit: 128 bytes— ' H'0050
Erase unit: 4 Kbytes == ' ' ' :

Y H'005F80 | H'005F81  HO05F82; — — — — — — — — — — — , H'005F

A EB6 H'006000 ' H'006001 ' H'006002 ! «~Programming unit: 128 bytes— ' H'0060
Erase unit: 4 Kbytes =L ' ' ' :

Y H'006F80 ! H'006F81 ! H'006F82:  — — — — — — — — — — — 1 H'006F

} EB7 H'007000 : H'007001 : H'007002: «Programming unit: 128 bytes— . H'0070
Erase unit: 4 Kbytes =L j j j j

Y H'007F80' H'007F81 ' H'007F82!: — — — — — — — — — — — '+ H'007F

' EB8 H'008000 | H'008001 ; H'008002; «Programming unit: 128 bytes— | H'0080
Erase unit: 32 Kbytes =L i i i ,

4 H'00FF80 ' H'00FF81 1 H'00FF821  — — — — — — — — — — — I H'0OFF

X ERg H'010000 | H'010001 | H'010002 ;| «Programming unit: 128 bytes— | H'0100
Erase unit: 64 Kbytes == j . | i

v H'O1FF80: HOTFF81  HOTFF82I - — — — — — — — — — — . HO1FF

A EB10 H'020000 ! H'020001 ' H'020002 ! «Programming unit: 128 bytes— ' H'0200
- [ — !

v H'OAFF80: H'0AFF81,H'0AFF82,  — — — — — — — — — — — . H'OAFF

A EB19 H'0B0000 ' H'0B0001 ' H'0B0002 ! «—Programming unit: 128 bytes— ' H'0BOO
Erase unit: 64 Kbytes == ! ! ! !

v H'OBFF80! H'OBFF81|HOBFF82] — — — - — — — — — — — ! HOBFF

Figure18.4 User MAT Block Structure of H8SX/1657C (1)
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I A

FFO00F80 | HOOOF81 | HO00F82 !

y  [F0O00F80:!HO000F8T 'HO00F82 — — — — — — — — — — — " FF000)

A EB1 H'001000 i H'001001 1 H'001002: «Programming unit: 128 bytes— | H'001(
Erase unit: 4 Kbytes C j j T T

Y H'001F80 ; H'001F81 ' H'001F82; — — — - — - — - — — — " H00Tl

\ EB2 H'002000 | H'002001 | H'002002; «Programming unit: 128 bytes— | H'002(
Erase unit: 4 Kbytes L ! ! ! T

Y H'002F80 ' H'002F81 ' H'002F82:  — — — = — — — — — — — + H'0021

A EB3 H'003000 | H'003001 | H'003002; «Programming unit: 128 bytes— | H'003
Erase unit: 4 Kbytes _ . . . !

Y H'003F80 | H'003F81 | H003F82:1 — — — — — — — — — — — | H'003

tEB4 H'004000 ! H'004001 | H'004002 ! «Programming unit: 128 bytes— : H'004
Erase unit: 4 Kbytes C ' ' ' :

\ H'004F80 : H'004F81 1 H'004F82:, — — — — — — — — — — — 1 H'0041

' EB5 H'005000 ! H'005001 ! H'005002 ' «Programming unit: 128 bytes— ' H'005
Erase unit: 4 Kbytes L ' ! ! '

4 H'005F80 : H'005F81 | H'005F82) — — — — — — — — — — — \ H'005I

A EB6 H'006000 ' H'006001 ' H'006002 ! «—Programming unit: 128 bytes— ' H'006!
Erase unit: 4 Kbytes L ' ' ' '

4 H'006F80 | H'006F81 } H'006F82;, — — — — — — — — — — — , H'006I

A EB7 H'007000 ' H'007001 ' H'007002 1 <Programming unit: 128 bytes— 1 H'007(
Erase unit: 4 Kbytes _ | | | |

M H'007F80 ! H'007F81 ! H'007F82!  — — — — — — — — — — — ! H'0071

' EBS H'008000 | H'008001 | H'008002 «Programming unit: 128 bytes— | H'008(
Erase unit: 32 Kbytes =L ! } } |

Y H'0O0FF80 ' H'0OFF81 ' H'OOFF82:  — — — — — — — — — — — + H'OOFI

1 EB9 H'010000 : H'010001 1 H'010002, «Programming unit: 128 bytes— | H'010
Erase unit: 64 Kbytes =~ j j j ,

' HO1FF80: H'OTFF81  HOTFF82,  — — — — — — — — — — — . HO1F|

* EB10 H'020000 ! H'020001 ! H'020002! «Programming unit: 128 bytes— ! H'020
e — !

' H'OAFF80: H'OAFF81 / HOAFF82, - — = — = = = = = = — T HOAF

\ EB15 H'070000 ! H'070001 ! H'070002! «Programming unit: 128 bytes— ' H'070
Erase unit: 64 Kbytes == . . ! !

y H'07FF80; H'07FF81 | H'07FF82, — — — — — — — — — — — | HO7F]

Figure18.4 User MAT Block Structure of H8SX/1656C (2)
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Start procedure program for
programming/erasing

Select on-chip program
to be downloaded and
specify destination

I
Download on-chip program
by setting VBR, FKEY, and
SCO bitin FCCS

Execute initialization
(downloaded program execution)

Programming (in 128-byte units)
or erasing (in 1-block units)
(downloaded program execution)

Programming/erasing
completed?

[ End procedure program ]

Figure18.5 Procedurefor Creating Procedure Program
(1) Sdection of On-Chip Program to be Downloaded

This LSI has programming/erasing programs which can be downloaded to the on-chip R«
on-chip program to be downloaded is selected by the programming/erasing interface regi
start address of the on-chip RAM where an on-chip program is downloaded is specified b
flash transfer destination address register (FTDAR).
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A pulse with the specified period must be applied when programming or erasing. The sy
pulse width is made by the method in which wait loop is configured by the CPU instruc
Accordingly, the operating frequency of the CPU needs to be set before programming/e
operating frequency of the CPU is set by the programming/erasing interface parameter.

(4) Execution of Programming/Erasing

The start address of the programming destination and the program data are specified in

units when programming. The block to be erased is specified with the erase block numb
erase-block units when erasing. Specifications of the start address of the programming d
program data, and erase block number are performed by the programming/erasing interf
parameters, and the on-chip program is initiated. The on-chip program is executed by us
JSR or BSR instruction and executing the subroutine call of the specified address in the
RAM. The execution result is returned to the programming/erasing interface parameter.

The area to be programmed must be erased in advance when programming flash memor
interrupts are disabled during programming/erasing.

(5) When Programming/Erasing is Executed Consecutively

When processing does not end by 128-byte programming or 1-block erasure, consecutiv
programming/erasing can be realized by updating the start address of the programming
and program data, or the erase block number. Since the downloaded on-chip program is
on-chip RAM even after programming/erasing completes, download and initialization a
required when the same processing is executed consecutively.
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18.7 Register Descriptions
The flash memory has the following registers.

Programming/Erasing I nterface Registers:

o Flash code control/status register (FCCS)

e Flash program code select register (FPCS)

o Flash erase code select register (FECS)

e Flash key code register (FKEY)

o Flash MAT select register (FMATS)

o Flash transfer destination address register (FTDAR)

Programming/Erasing I nterface Parameters:

e Download pass and fail result parameter (DPFR)

o Flash pass and fail result parameter (FPFR)

e Flash program/erase frequency parameter (FPEFEQ)

o Flash multipurpose address area parameter (FMPAR)

e Flash multipurpose data destination area parameter (FMPDR)
o Flash erase block select parameter (FEBS)

e RAM emulation register (RAMER)

There are several operating modes for accessing the flash memory. Respective operating
registers, and parameters are assigned to the user MAT and user boot MAT. The correspc
between operating modes and registers/parameters for use is shown in table 18.3.
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Programming/ DPFR 0]

erasing interface "cprp _ o o 0 _ .
parameters
FPEFEQ — @) — — — -
FMPAR — — 0 — — -
FMPDR — — 0 — — -
FEBS — — — 0 — i

RAM emulation RAMER —

(

Notes: 1. The setting is required when programming or erasing the user MAT in user b
2. The setting may be required according to the combination of initiation mode &

target memory MAT.

18.7.1  Programming/Erasing I nterface Registers

The programming/erasing interface registers are 8-bit registers that can be accessed only
These registers are initialized by a power-on reset.

(1) Flash Code Control/Status Register (FCCYS)

FCCS monitors errors during programming/erasing the flash memory and requests the o
program to be downloaded to the on-chip RAM.

Bit 7 6
Bit Name | — | —
Initial Value 1 0
R/W R R

RENESAS
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flash memory, the reset must be released after
input period (period of RES = 0) of at least 100

0: Flash memory operates normally (Error pro
invalid)

[Clearing condition]

e At a power-on reset

1: An error occurs during programming/erasin
memory (Error protection is valid)

[Setting conditions]

e When an interrupt, such as NMI, occurs dul
programming/erasing.

e When the flash memory is read during
programming/erasing (including a vector re
an instruction fetch).

e When the SLEEP instruction is executed du
programming/erasing (including software st
mode).

e When a bus master other than the CPU, su
DMAC and DTC, obtains bus mastership dt
programming/erasing.

3to1 AllO R

Reserved
These are read-only bits and cannot be modifie

Rev. 2.00 Jun. 28, 2007 Page 662 of 864
REJ09B0341-0200

RENESAS



immediately after setting this bit to 1. All interr
be disabled during download. This bit is cleare
when download is completed.

During program download initiated with this bi
particular processing which accompanies ban
switching of the program storage area is exec
Before a download request, initialize the VBR
to H'00000000. After download is completed,
contents can be changed.

0: Download of the programming/erasing pro
not requested.

[Clearing condition]
e When download is completed

1: Download of the programming/erasing pro
requested.

[Setting conditions] (When all of the following
are satisfied)

e Notin RAM emulation mode (the RAMS bi
RAMER is cleared to 0)

e H'A5 is written to FKEY

e Setting of this bit is executed in the on-chi

Note: * This is a write-only bit. This bit is always read as 0.
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7to1 — All O R Reserved
These are read-only bits and cannot be modifie
0 PPVS 0 R/W Program Pulse Verify
Selects the programming program to be downc
0: Programming program is not selected.
[Clearing condition]
When transfer is completed
1: Programming program is selected.

(3) Flash Erase Code Select Register (FECS)

FECS selects the erasing program to be downloaded.

Bit 7 6 5 4 3 2 1
giname | — | — [ — [ — | — | — [ — [°¢e
Initial Value 0 0 0 0 0 0 0
R/W R R R R R R R F
Initial
Bit Bit Name Value R/W Description
7t01 — All O R Reserved
These are read-only bits and cannot be modifie
0 EPVB 0 R/W Erase Pulse Verify Block

Selects the erasing program to be downloaded
0: Erasing program is not selected.

[Clearing condition]

When transfer is completed

1: Erasing program is selected.
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Bit Bit Name Value R/W Description

7 K7 0 R/W Key Code

6 K6 0 R/W When H'A5 is written to FKEY, writing to the S

5 K5 0 R/W FCCS is enabled. When a value other than H'
written, the SCO bit cannot be set to 1. There

4 K4 0 R/W on-chip program cannot be downloaded to the

3 K3 0 R/W RAM.

2 K2 0 R/W Only when H'5A is written can programming/e
the flash memory be executed. When a value

1 K1 0 R/W —h ) . .
H'5A is written, even if the programming/erasi

0 KO 0 R/W

program is executed, programming/erasing ce

performed.

H'A5: Writing to the SCO bit is enabled. (The
cannot be set to 1 when FKEY is a vall
than H'A5.)

H'5A: Programming/erasing of the flash men
enabled. (When FKEY is a value other
H'A5, the software protection state is €

H'00: Initial value

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



Initial

Bit Bit Name Value R/W Description

7 MS7 0/1* R/W MAT Select

6 MS6 0 R/W The memory MATSs can be switched by writing

5 MS5 0/1* rRw  toFMATS.

4 MS4 0 R/W When H'AA is written to FMATS, the user boot
selected. When a value other than H'AA is writi

3 MS3 0/1* RW ser MAT is selected. Switch the MATS followir

2 MS2 0 R/W memory MAT switching procedure in section 1¢

1 MS1 0/1%* R/W Switching between User MAT and User Boot M

0 MSO 0 RIW user boot MAT cannot be selected by FMATS i

programming mode. The user boot MAT can be
selected in boot mode or programmer mode.
H'AA: The user boot MAT is selected. (The us
selected when FMATS is a value other |
H'AA.)
(Initial value when initiated in user boot
H'00: The user MAT is selected.
(Initial value when initiated in a mode ex
user boot mode.)

Note: * This bit is set to 1 in user boot mode, otherwise cleared to 0.

(6) Flash Transfer Destination Address Register (FTDAR)

FTDAR specifies the start address of the on-chip RAM at which to download an on-chip
FTDAR must be set before setting the SCO bit in FCCS to 1.

Bit 7 6 5 4 3 2 1
Bit Name | TDER | TDA6 | TDA5 | TDA4 | TDAS3 | TDA2 | TDA1 | T
Initial Value 0 0 (0] 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W I
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0: The value specified by bits TDA6 to TDAO
the range.

1: The value specified by bits TDA6 to TDAO
between H'03 and H'FF and download has

O = N W » OO

TDAG6
TDA5
TDA4
TDA3
TDA2
TDA1
TDAO

O O O O O o o

RW
R/W
RW
R/W
RW
R/W
RW

Transfer Destination Address

Specifies the on-chip RAM start address of th
download destination. A value between H'00 ¢
and up to 4 Kbytes can be specified as the stz
of the on-chip RAM.

H'00: H'FF9000 is specified as the st:
address.

H'01: H'FFAO000 is specified as the st
address.

H'02: H'FFBOO0O0 is specified as the st
address.

H'03 to H'7F: Setting prohibited.
(Specifying a value from H'03 tc
the TDER bit to 1 and stops do
the on-chip program.)
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processing result is written in RO. The programming/erasing interface parameters are use
download control, initialization before programming or erasing, programming, and erasir
18.4 shows the usable parameters and target modes. The meaning of the bits in the flash |
fail result parameter (FPFR) varies in initialization, programming, and erasure.

Table18.4 Parametersand Target M odes

Parameter Download |Initialization = Programming Erasure R/W i?aljlua(-lz Allo
DPFR (0] — — — R/W  Undefined  On-
FPFR 0] 0] 0] 0] R/W  Undefined ROL
FPEFEQ — (0] — — R/W  Undefined ERC
FMPAR — — (0] — R/W  Undefined ER1
FMPDR — — (0] — R/W  Undefined ERC
FEBS — — — (0] R/W  Undefined ERC

Note: * A single byte of the start address of the on-chip RAM specified by FTDAR

Download Control: The on-chip program is automatically downloaded by setting the SC
FCCS to 1. The on-chip RAM area to download the on-chip program is the 4-kbyte area :
from the start address specified by FTDAR. Download is set by the programming/erasing
registers, and the download pass and fail result parameter (DPFR) indicates the return val
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The program data is always in 128-byte units. When the program data does not satisfy 1
128-byte program data is prepared by filling the dummy code (H'FF). The boundary of 1
address of the programming destination on the user MAT is aligned at an address where
eight bits (A7 to A0) are H'00 or H'80.

The program data for the user MAT must be prepared in consecutive areas. The progran
must be in a consecutive space which can be accessed using the MOV B instruction of t
and is not in the flash memory space.

The start address of the area that stores the data to be written in the user MAT must be s
general register ERQ. This parameter is called the flash multipurpose data destination ar
parameter (FMPDR).

For details on the programming procedure, see section 18.8.2, User Program Mode.

Erasure: When the flash memory is erased, the erase block number on the user MAT 1r
passed to the erasing program which is downloaded.

The erase block number on the user MAT must be set in general register ERQ. This para
called the flash erase block select parameter (FEBS).

One block is selected from the block numbers of O to 19 as the erase block number.

For details on the erasing procedure, see section 18.8.2, User Program Mode.
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7t03 — — —

Unused
These bits return 0.

Source Select Error Detect

Only one type can be specified for the on-chip |
which can be downloaded. When the program |
downloaded is not selected, more than two typ
programs are selected, or a program which is r
mapped is selected, an error occurs.

0: Download program selection is normal
1: Download program selection is abnormal

Flash Key Register Error Detect

Checks the FKEY value (H'A5) and returns the
0: FKEY setting is normal (H'A5)

1: FKEY setting is abnormal (value other than

Success/Fail

Returns the download result. Reads back the p
downloaded to the on-chip RAM and determine
whether it has been transferred to the on-chip |

0: Download of the program has ended norme
error)

1: Download of the program has ended abnor
(error occurs)
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Initial
Bit Bit Name Value R/W Description

7t02 — — — Unused
These bits return 0.

1 FQ — R/W Frequency Error Detect

Compares the specified CPU operating freque
the operating frequencies supported by this L.
returns the result.

0: Setting of operating frequency is normal
1: Setting of operating frequency is abnormal

0 SF — R/W Success/Fail
Returns the initialization result.
0: Initialization has ended normally (no error)

1: Initialization has ended abnormally (error o
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Programming Mode Related Setting Error Dete

Detects the error protection state and returns t
When the error protection state is entered, this
to 1. Whether the error protection state is enter
can be confirmed with the FLER bit in FCCS. F
conditions to enter the error protection state, se
18.9.3, Error Protection.

0: Normal operation (FLER = 0)

1: Error protection state, and programming ca
performed (FLER = 1)

Programming Execution Error Detect

Writes 1 to this bit when the specified data coul
written because the user MAT was not erased.
is set to 1, there is a high possibility that the us
has been written to partially. In this case, after
the error factor, erase the user MAT. If FMATS
H'AA and the user boot MAT is selected, an er
when programming is performed. In this case, |
user MAT and user boot MAT have not been w
Programming the user boot MAT should be per
boot mode or programmer mode.

0: Programming has ended normally

1: Programming has ended abnormally (progr
result is not guaranteed)
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When an address not in the flash memory are
specified as the start address of the storage d
for the program data, an error occurs.

0: Setting of the start address of the storage
destination for the program data is normal

1: Setting of the start address of the storage
destination for the program data is abnorn

WA

R/W

Write Address Error Detect

When the following items are specified as the
address of the programming destination, an e
occurs.

e An area other than flash memory
o The specified address is not aligned with t

byte boundary (lower eight bits of the addr
other than H'00 and H'80)

0: Setting of the start address of the progran
destination is normal

1: Setting of the start address of the progran
destination is abnormal

SF

RW

Success/Fail

Returns the programming result.

0: Programming has ended normally (no error
1: Programming has ended abnormally (error
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Erasure Mode Related Setting Error Detect

Detects the error protection state and returns t
When the error protection state is entered, this
to 1. Whether the error protection state is enter
can be confirmed with the FLER bit in FCCS. F
conditions to enter the error protection state, se
18.9.3, Error Protection.

0: Normal operation (FLER = 0)

1: Error protection state, and programming ca
performed (FLER = 1)

Erasure Execution Error Detect

Returns 1 when the user MAT could not be era
when the flash memory related register settings
partially changed. If this bit is set to 1, there is
possibility that the user MAT has been erased |
In this case, after removing the error factor, era
user MAT. If FMATS is set to H'AA and the use
MAT is selected, an error occurs when erasure
performed. In this case, both the user MAT anc
boot MAT have not been erased. Erasing of the
boot MAT should be performed in boot mode o
programmer mode.

0: Erasure has ended normally
1: Erasure has ended abnormally
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U7 oetling o erase DIOCK number IS hormal

1: Setting of erase block number is abnormal

2,1 — — — Unused
These bits return 0.
0 SF — R/W Success/Fail

Indicates the erasure result.
0: Erasure has ended normally (no error)

1: Erasure has ended abnormally (error occur

(3) Flash Program/Erase Frequency Parameter (FPEFEQ: General Register ER

FPEFEQ sets the operating frequency of the CPU. The operating frequency available in
ranges from 8 MHz to 35 MHz.

Bit 31 30 29 28 27 26 25
owame | — | = | = [ =] = 1 = | = |
Bit 23 22 21 20 19 18 17
owane | — | = | = [ = | = [ = | = |
Bit 15 14 13 12 11 10 9
Bit Name | F15 | F14 | F13 | F12 | F11 | F10 | F9 |
Bit 7 6 5 4 3 2 1
Bit Name | F7 | F6 | F5 | F4 | F3 | F2 | F1 |
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be shown in a number of two decimal place

2. The value multiplied by 100 is converted to
binary digit and is written to FPEFEQ (gene
register ERO).

For example, when the operating frequency of
is 35.000 MHz, the value is as follows:

1. The number of three decimal places of 35.C
rounded.

2. The formula of 35.00 x 100 = 3500 is conve
the binary digit and B'0000 1101 1010 110C
(H'ODAC) is set to ERO.
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Bit Name | MOA23 | MOA22 | MOA21 | MOA20 | MOA19 | MOA18 | MOA17 | |
Bit 15 14 13 12 11 10 9
Bit Name | MOA15 | MOA14 | MOA13 | MOA12 | MOA11 | MOA10 | MOA9 |
Bit 7 6 5 4 3 2 1
Bit Name | MOA7 | MOA6 | MOA5 | MOA4 | MOA3 | MOA2 | MOA1 |
Initial
Bit Bit Name Value R/W Description
31to0 MOAS31to — R/W These bits store the start address of the progr
MOAO destination on the user MAT. Consecutive 12¢

programming is executed starting from the sp
start address of the user MAT. Therefore, the
start address of the programming destination |
128-byte boundary, and MOAG6 to MOAO are ¢
cleared to 0.

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



Bit 23 22 21 20 19 18 17

Bit Name | MOD23 | MOD22 | MOD21 | MOD20 | MOD19 | MOD18 | MOD17 | M
Bit 15 14 13 12 11 10 9
Bit Name | MOD15 | MOD14 | MOD13 | MOD12 | MOD11 | MOD10 | MOD9 | M
Bit 7 6 5 4 3 2 1
Bit Name | MOD7 | MOD6 | MOD5 | MOD4 | MOD3 | MOD2 | MOD1 | M
Initial
Bit Bit Name Value R/W Description
31to0 MOD31to — R/W These bits store the start address of the area w
MODO stores the program data for the user MAT. Con

128-byte data is programmed to the user MAT
from the specified start address.
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Bit 31 30 29 28 27 26 25
Bit Name
Initial Value — — — — — — _
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17
Bit Name
Initial Value — — — — — — _
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Bit Name
Initial Value — — — — — — —
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name
Initial Value — — — — — — _
R/W R/W R/W R/W R/W R/W R/W R/W
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Iniual value U v v v U
R/W R R R/W R/W R/W f
Initial
Bit Bit Name Value R/W Description
7to4 — 0 R Reserved
These are read-only bits and cannot be modifie
3 RAMS 0 R/W RAM Select
Selects the function which emulates the flash n
using the on-chip RAM.
0: Disables RAM emulation function
1: Enables RAM emulation function (all blocks
user MAT are protected against programmin
erasing)
2 RAM2 0 R/W Flash Memory Area Select
1 RAM1 R/W These bits select the user MAT area overlaid w
0 RAMO R/W on-chip RAM when RAMS = 1. The following al

correspond to the 4-kbyte erase blocks.
000: H'000000 to H'000FFF (EBO)
001: H'001000 to H'001FFF (EB1)
010: H'002000 to H'002FFF (EB2)
011: H'003000 to H'003FFF (EB3)
100: H'004000 to H'004FFF (EB4)
101: H'005000 to H'005FFF (EBS5)
110: H'006000 to H'006FFF (EB6)
111: H'007000 to H'007FFF (EB7)

Rev. 2.00 Jun. 28, 2007 Page 680 of 864

REJ09B0341-0200

RENESAS



Mode Setting MD2 MD1 MDO
User boot mode
Boot mode

User program mode

gy el Ke)
| alo
Ol —

18.8.1 Boot Mode

Boot mode executes programming/erasing of the user MAT or user boot MAT by mean
control command and program data transmitted from the externally connected host via t

SCI_4.

In boot mode, the tool for transmitting the control command and program data, and the
data must be prepared in the host. The serial communication mode is set to asynchronou
The system configuration in boot mode is shown in figure 18.6. Interrupts are ignored ir
mode. Configure the user system so that interrupts do not occur.

This LSI
Software for
analyzing | Flash
control
Host commands memory
(on-chip)
) Control command, + *
Programming program data
tool and program >| RxD4 On-chi
data e n-chip
SCI_4 RAM
< TxD4
Response

Figure18.6 System Configuration in Boot M ode
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adjustment end sign. When the host receives this bit adjustment end sign normally, it trar
byte of H'S5 to this LSI. When reception is not executed normally, initiate boot mode ag:
bit rate may not be adjusted within the allowable range depending on the combination of
rate of the host and the system clock frequency of this LSI. Therefore, the transfer bit ratc
host and the system clock frequency of this LSI must be as shown in table 18.6.

Start
bit DO D1 D2 D3 D4 D5 D6 D7 Stop bit
i
< > | ]
Measure low period (9 bits) (data is H'00) High period of
at least 1 bit

Figure18.7 Automatic-Bit-Rate Adjustment Operation

Table18.6 System Clock Frequency for Automatic-Bit-Rate Adjustment

Bit Rate of Host System Clock Frequency of This LSI
9,600 bps 8to 18 MHz
19,200 bps 810 18 MHz

(2) StateTransition Diagram

The state transition after boot mode is initiated is shown in figure 18.8.
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| user boot MAT erasure

Read/check command

Processing of

read/check command

Wait for reception =
4 programming/erasing (
: command Command response
A
(Erasure

completion
(Programming pletion)

completion) .
(Erasure selection command

reception)

Wait for program data

(Erasure selection command reception)

(Erase-block spec

Wait for erase-block
data

(Program data transmission)

Figure 18.8 Boot Mode State Transition Diagram
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erase block is shown in figure 18.9. When the erasure preparation notice is received,
of waiting for erase block data is entered. The erase block number must be transmitte
erasing command is transmitted. When the erasure is finished, the erase block numbe
set to HFF and transmitted. Then the state of waiting for erase block data is returned
state of waiting for programming/erasing command. Erasure must be executed when |
specified block is programmed without a reset start after programming is executed in
mode. When programming can be executed by only one operation, all blocks are eras
entering the state of waiting for programming/erasing command or another command
this case, the erasing operation is not required. The commands other than the
programming/erasing command perform sum check, blank check (erasure check), anc
read of the user MAT/user boot MAT and acquisition of current status information.

Memory read of the user MAT/user boot MAT can only read the data programmed after :
MAT/user boot MAT has automatically been erased. No other data can be read.

. .
. .
.
EB9
EB10

Before reprogramming erase blocks EB10 and
Pro%rg\mping EB11 on which the programming end command
£hd area EB11 is issued, erase the blocks (EB10 and EB11).

EB12
.

. .

. .

Figure 18.9 Example of Erase Block Including Programmed Area
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Programming/erasing 1. Exit RAM emulation mode beforehand. Download is not allowe
start in emulation mode.

When programming,
program data is prepared

2. When the program data is adjusted in emulation mode, select
the download destination specified by FTDAR carefully. Make
sure that the download area does not overlap the emulation

| area.
Programming/erasing

procedure program is 3. Programming/erasing is executed only in the on-chip RAM.
transferred to the on-chip

RAM and executed

4. After programming/erasing is finished, protect the flash memo
| by the hardware protection.

( Programming/erasing )
end

Figure 18.10 Programming/Erasing Flow
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\ IV Uyltoo)

Area to be )
downloaded Programming/erasing FTDAR setting + 16 bytes
(size: 4 kbytes) program entry
Unusable area during Initialization program FTDAR setting + 32 bytes
programming/erasing entry

Initialization +
programming program
or

Initialization +
erasing program

RAM emulation area or FTDAR setting + 4 kbytes

area that can be used
by user

Area that can be used

by user H'FFBFFF

Figure18.11 RAM Map when Programming/Erasing is Executed
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Download

Initialization

Set FKEY to H'A5

Set SCO to 1 after initializing
VBR and execute download

Clear FKEY to 0

Set the FPEFEQ
parameter

Initialization
JSR FTDAR setting + 32

Programming

SELFAEY 10 A oA 10

—————

Set parameters to ER1
and ERO
(FMPAR and FMPDR) 11

Programming
JSR FTDAR setting + 16 12

No
Clear F
progr:
error p

Required data
programming is

completed? 14
Programming end processing 15
JSR FTDAR setting + 16
|
Clear FKEY to 0 16

End programming
procedure program

Figure18.12 Programming Procedurein User Program Mode
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H'FF, the program processing time can be shortened.

1.

Select the on-chip program to be downloaded and the download destination. When th

bit in FPCS is set to 1, the programming program is selected. Several programming/e

programs cannot be selected at one time. If several programs are selected, a downloac

returned to the SS bit in the DPFR parameter. The on-chip RAM start address of the «

destination is specified by FTDAR.

Write H'AS in FKEY. If H'AS is not written to FKEY, the SCO bit in FCCS cannot b

to request download of the on-chip program.

After initializing VBR to H'00000000, set the SCO bit to 1 to execute download. To s

SCO bit to 1, all of the following conditions must be satisfied.

— RAM emulation mode has been canceled.

— H'AS is written to FKEY.

— Setting the SCO bit is executed in the on-chip RAM.

When the SCO bit is set to 1, download is started automatically. Since the SCO bit is

to 0 when the procedure program is resumed, the SCO bit cannot be confirmed to be

procedure program. The download result can be confirmed by the return value of the

parameter. To prevent incorrect decision, before setting the SCO bit to 1, set one byte

on-chip RAM start address specified by FTDAR, which becomes the DPFR paramete

value other than the return value (e.g. H'FF). Since particular processing that is accon

by bank switching as described below is performed when download is executed, initic

VBR contents to H'00000000. Dummy read of FCCS must be performed twice imme

after the SCO bit is set to 1.

— The user-MAT space is switched to the on-chip program storage area.

— After the program to be downloaded and the on-chip RAM start address specified
FTDAR are checked, they are transferred to the on-chip RAM.

— FPCS, FECS, and the SCO bit in FCCS are cleared to 0.
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— If access to the flash memory is requested by the DMAC or DTC during downlo:
operation cannot be guaranteed. Make sure that an access request by the DMAC
not generated.

. FKEY is cleared to H'00 for protection.

. The download result must be confirmed by the value of the DPFR parameter. Check
of the DPFR parameter (one byte of start address of the download destination specif
FTDAR). If the value of the DPFR parameter is H'00, download has been performec
If the value is not H'00, the source that caused download to fail can be investigated t
description below.

— If the value of the DPFR parameter is the same as that before downloading, the s
the start address of the download destination in FTDAR may be abnormal. In thi
confirm the setting of the TDER bit in FTDAR.

— If the value of the DPFR parameter is different from that before downloading, ch
bit or FK bit in the DPFR parameter to confirm the download program selection
setting, respectively.

. The operating frequency of the CPU is set in the FPEFEQ parameter for initializatio

settable operating frequency of the FPEFEQ parameter ranges from 8 to 35 MHz. W

frequency is set otherwise, an error is returned to the FPFR parameter of the initializ

program and initialization is not performed. For details on setting the frequency, see

18.7.2 (3), Flash Program/Erase Frequency Parameter (FPEFEQ: General Register E

CPU).
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— Since the stack area is used in the initialization program, a stack area of 128 bytes
maximum must be allocated in RAM.

— Interrupts can be accepted during execution of the initialization program. Make su
program storage area and stack area in the on-chip RAM and register values are n
overwritten.

8. The return value in the initialization program, the FPFR parameter is determined.

9. All interrupts and the use of a bus master other than the CPU are disabled during
programming/erasing. The specified voltage is applied for the specified time when
programming or erasing. If interrupts occur or the bus mastership is moved to other t
CPU during programming/erasing, causing a voltage exceeding the specifications to t
applied, the flash memory may be damaged. Therefore, interrupts are disabled by sett
(I bit) in the condition code register (CCR) to B'l in interrupt control mode O and by
bits 2 to 0 (I2 to 10 bits) in the extend register (EXR) to B'111 in interrupt control mox
Accordingly, interrupts other than NMI are held and not executed. Configure the user
so that NMI interrupts do not occur. The interrupts that are held must be executed aftc
programming completes. When the bus mastership is moved to other than the CPU, s
the DMAC or DTC, the error protection state is entered. Therefore, make sure the DM
not acquire the bus.

10. FKEY must be set to H'SA and the user MAT must be prepared for programming.

11. The parameters required for programming are set. The start address of the programmi
destination on the user MAT (FMPAR parameter) is set in general register ER1. The
address of the program data storage area (FMPDR parameter) is set in general registe

— Example of FMPAR parameter setting: When an address other than one in the use
area is specified for the start address of the programming destination, even if the
programming program is executed, programming is not executed and an error is r
the FPFR parameter. Since the program data for one programming operation is 12
the lower eight bits of the address must be H'00 or H'80 to be aligned with the 12§
boundary.
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13.
14.

15.

4w pyiivi sl tvpirtvie VAL RAe A e A L i A A AL i v e A A e PEY S

— ROL is a return value of the FPFR parameter.

— Since the stack area is used in the programming program, a stack area of 128 byt
maximum must be allocated in RAM.

The return value in the programming program, the FPFR parameter is determined.

Determine whether programming of the necessary data has finished. If more than 12

data are to be programmed, update the FMPAR and FMPDR parameters in 128-byte

repeat steps 11 to 14. Increment the programming destination address by 128 bytes ¢

the programming data pointer correctly. If an address which has already been progra

written to again, not only will a programming error occur, but also flash memory wi

damaged.

Programming end processing is executed.

The entry point of the programming library is at the address which is 16 bytes after t

address of the download destination specified by FTDAR. Call the subroutine by usi

following steps.

MOV.L #H'FOFOFOFO0, ERO

MOV.L #H'OFOFOFOF, ER1

MOV.L #DLTOP+16, ER2 ; Set entry address to ER2
JSR @QER2 ; Call programming end routine

— The general registers other than ERO and ER1 are held in the programming end |
— ROL is a return value of the FPFR parameter.

— Since the stack area is used in the programming end program, a stack area of 12§
the maximum must be allocated in RAM.
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EB9

EB10
Before reprogramming erase blocks EB10 and
Programming EB11 on which the programming end command

end area EB11 is issued, erase the blocks (EB10 and EB11).
EB12
L]
. 0
° L]

Figure 18.13 Example of Erase Block Including Programmed Area

16. After programming finishes, clear FKEY and specify software protection. If this LSI
restarted by a reset immediately after programming has finished, secure the reset inpu
(period of RES = 0) of at least 100 ps.
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Set FKEY to H'A5

Set SCO to 1 after initializing
VBR and execute download

Download

Clear FKEY to 0

Set the FPEFEQ
parameter

Initialization
JSR FTDAR setting + 32

Initialization

Erasing

Set FKEY to H'5A

pr—

Set FEBS parameter 2.

Erasing
JSR FTDAR setting + 16

Clear FKEY
error prc

Required block

erasing is
completed? 5.
Yes
Clear FKEY to 0 6.

End erasing
procedure program

Figure18.14 Erasing Procedurein User Program Mode
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programs cannot be selected at one time. If several programs are selected, a downloac
returned to the SS bit in the DPFR parameter. The on-chip RAM start address of the «
destination is specified by FTDAR.

For the procedures to be carried out after setting FKEY, see section 18.8.2 (2), Progra
Procedure in User Program Mode.

2. Set the FEBS parameter necessary for erasure. Set the erase block number (FEBS par
of the user MAT in general register ERO. If a value other than an erase block number
user MAT is set, no block is erased even though the erasing program is executed, and
is returned to the FPFR parameter.

3. FErasure is executed. Similar to as in programming, the entry point of the erasing prog
the address which is 16 bytes after #DLTOP (start address of the download destinatio
specified by FTDAR). Call the subroutine to execute erasure by using the following s

MOV.L #DLTOP+16, ER2 ; Set entry address to ER2
JSR  @ER2 ; Call erasing routine
NOP

e The general registers other than ERO and ER1 are held in the erasing program.
e ROL is a return value of the FPFR parameter.
* Since the stack area is used in the erasing program, a stack area of 128 bytes at the
maximum must be allocated in RAM.
4. The return value in the erasing program, the FPFR parameter is determined.
5. Determine whether erasure of the necessary blocks has finished. If more than one blo
be erased, update the FEBS parameter and repeat steps 2 to 5.
6. After erasure completes, clear FKEY and specify software protection. If this LSI is re

a power-on reset immediately after erasure has finished, secure the reset input period
of RES =0) of at least 100 us.
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Erasing program

Programming program

download

download

Set FTDAR to H'00
(specify download
destination to H'FF9000)

Download erasing program

Initialize erasing program

Set FTDAR to H'02
(specify download
destination H'FFB000)

Download programming
program

Initialize programming
program

emulation mode and tuning
parameters in on-chip RAM

Exit emulation mode

Erase relevant block
(execute erasing program)

Set FMPDR to H'FFA000
and program relevant block
(execute programming
program)

v Confirm operation

< ewr >

Yes

Emulation/Erasing/Programming

End procedure
program

Figure 18.15 Repeating Procedure of Erasing, Programming,
and RAM Emulation in User Program Mode
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Initialization must be executed for both entry addresses: #DLTOP (start address of do
destination for erasing program) + 32 bytes, and #DLTOP (start address of download
destination for programming program) + 32 bytes.

18.8.3 User Boot Mode

Branching to a programming/erasing program prepared by the user enables user boot mo«
is a user-arbitrary boot mode to be used.

Only the user MAT can be programmed/erased in user boot mode. Programming/erasing
user boot MAT is only enabled in boot mode or programmer mode.

(1) [Initiation in User Boot Mode

When the reset start is executed with the mode pins set to user boot mode, the built-in che
routine runs and checks the user MAT and user boot MAT states. While the check routin
running, NMI and all other interrupts cannot be accepted. Next, processing starts from th
execution start address of the reset vector in the user boot MAT. At this point, the user bc
is selected (FMATS = H'AA) as the execution memory MAT.
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{proceaudie prograii — j

Select on-chip program
to be downloaded and
specify download
destination by FTDAR

|
| Set FKEY to HA5 |

Set SCO to 1 after initializing
VBR and execute download

| Clear FKEY to 0 |

DPFR=07?
N

Download

Programming

v Yes

| Download error processing|

\
4 Set the FPEFEQ and
FUBRA parameters
1

Initialization
JSR FTDAR setting + 32

User-boot-MAT selection state

Initialization

User-MAT selection state

Yes Tinitialization error processing]

Disable interrupts
and bus master operation
other than CPU

\

User-boot-MAT
selection state

\l./

Set FMATS to value other than M
H'AA to select user MAT switc

| Set FKEY to H'A5 |

—

Set parameter to ERO and
ER1 (FMPAR and FMPDR)

|
Programming
JSR FTDAR setting + 16

Clear FKEY and |
error proc

Required data
programming is
ompleted2

Yes

Programming end processing
JSR FTDAR setting + 16

|
| Clear FKEY to 0 |

Set FMATS to H'AA to |
select user boot MAT SWi

End programming
procedure program

Note: The MAT must be switched by FMATS to perform the programming error processing in the user boot MA

Figure18.16 Procedurefor Programming User MAT in User Boot M od
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description 1n section 18.11, Switching between User MAT and User Boot MAT.

Except for memory MAT switching, the programming procedure is the same as that in us
program mode.

The area that can be executed in the steps of the procedure program (on-chip RAM, user
and external space) is shown in section 18.8.4, On-Chip Program and Storable Area for P
Data.
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User-boot-MAT selection state

Select on-chip program
to be downloaded and —

A specify download A
destination by FTDAR Set FMATS to value other M,
[ than H'AA to select user MAT switc
| Set FKEY to HA5 | |
T A
Set SCO to 1 after initializing | Set FKEY to H'A5 |
VBR and execute download |
——
3 |
2 | Set FEBS parameter |
= | Clear FKEY to 0 |
8 I
Erasing
DPFR=0 ? ® JSR FTDAR setting + 16
- No © o
7] £
Yes c a
A | Download error processing | 2 =
A Set the FPEFEQ and % Clear FKEY anc
FUBRA parameters ﬁ error proce:
| <
- Initialization ?, block erasing is
S JSR FTDAR setting + 32 2 completed?
5
©
= FPFR=07
c
= No | Clear FKEY to 0 |
v Yes  [Thitialization error processing] Y

Set FMATS to H'AA to Y
. - select user boot MAT swit
Disable interrupts

End erasing
procedure program

and bus master operation Y

other than CPU T

User-boot-MAT
selection state

Note:  The MAT must be switched by FMATS to perform the erasing error processing in the user boot MAT.

Figure18.17 Procedurefor Erasing User MAT in User Boot Mode

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



Jdld.

18.84 On-Chip Program and Storable Area for Program Data

In the descriptions in this manual, the on-chip programs and program data storage areas a
assumed to be in the on-chip RAM. However, they can be executed from part of the flash
which is not to be programmed or erased as long as the following conditions are satisfied

The on-chip program is downloaded to and executed in the on-chip RAM specified b
FTDAR. Therefore, this on-chip RAM area is not available for use.

Since the on-chip program uses a stack area, allocate 128 bytes at the maximum as a
area.

Download requested by setting the SCO bit in FCCS to 1 should be executed from the
RAM because it will require switching of the memory MATs.

In an operating mode in which the external address space is not accessible, such as sit
mode, the required procedure programs, NMI handling vector table, and NMI handlir
should be transferred to the on-chip RAM before programming/erasing starts (downlc
is determined).

The flash memory is not accessible during programming/erasing. Programming/erasir
executed by the program downloaded to the on-chip RAM. Therefore, the procedure
that initiates operation, the NMI handling vector table, and the NMI handling routine
stored in the on-chip RAM other than the flash memory.

After programming/erasing starts, access to the flash memory should be inhibited unt
is cleared. The reset input state (period of RES = 0) must be set to at least 100 us whe
operating mode is changed and the reset start executed on completion of programmin
Transitions to the reset state are inhibited during programming/erasing. When the resc
is input, a reset input state (period of RES = 0) of at least 100 ps is needed before the
signal is released.
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executed are determined by the combination of the processing contents, operating mode
structure of the memory MATS, as shown in tables 18.7 to 18.11.

Table18.7 Executable Memory MAT

Operating Mode

Processing Contents User Program Mode User Boot Mode*
Programming See table 18.8 See table 18.10
Erasing See table 18.9 See table 18.11

Note: * Programming/Erasing is possible to the user MAT.
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FCCS (download)

Operation for clearing FKEY

Decision of download result

Operation for download error

Oo|0o|0|0o
Oo|0o|0|0o
Oo|0o|0o|0o

Operation for setting initialization
parameter

Execution of initialization

Decision of initialization result

O| O X

Operation for initialization error

NMI handling routine

Operation for disabling interrupts
Operation for writing H'5A to FKEY

Operation for setting programming
parameter

O| 0| x

O0|0|0|0|0|0|0
O|0|0|0|0|0|0

X

Execution of programming

Decision of programming result x

O|O0| O
O|0| O

Operation for programming error x

Operation for clearing FKEY (0] X o

Note: * Transferring the program data to the on-chip RAM beforehand enables this are
used.
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Operation for clearing FKEY

Decision of download result

Operation for download error

Operation for setting initialization
parameter

O|0|0| 0
O|0|0| 0o

O|0|0| 0o

Execution of initialization

X

Decision of initialization result

Operation for initialization error

o| O

NMI handling routine

Operation for disabling interrupts

Operation for writing H'5A to FKEY

O| O X

Operation for setting erasure
parameter

O|O0|0|0O|0O|0O|O

X

O0|0|0|0|0|0|0

Execution of erasure

Decision of erasure result

Operation for erasure error

Operation for clearing FKEY

O|0|0O|0O
X

O|0|0|0

RENESAS
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FCCS (download)
Operation for clearing FKEY

Decision of download result

Operation for download error

Oo|0|0|0o
Oo|0|0|0o
Oo|0o|0o|0o

Operation for setting initialization
parameter

Execution of initialization

Decision of initialization result

O| O X

Operation for initialization error

NMI handling routine

X

Oo|0|0|0|0

Operation for disabling interrupts
Switching memory MATs by FMATS
Operation for writing H'5A to FKEY

Operation for setting programming
parameter

x
o]

O|O0|0|0|0O|0O|0O|O
o

x
(@]

Execution of programming

Decision of programming result

Operation for programming error

O|O0|0| 0O
X
O|0|0| 0O

Operation for clearing FKEY
Switching memory MATs by FMATS O x 0]

Notes: 1. Transferring the program data to the on-chip RAM beforehand enables this are
used.
2. Switching memory MATs by FMATS by a program in the on-chip RAM enable:
area to be used.
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Operation for clearing FKEY

Decision of download result

Operation for download error

Operation for setting initialization

parameter

O0|0|0| 0o

O|0|0| 0O

O|O0|0| O

Execution of initialization

X

Decision of initialization result

Operation for initialization error

o| 0o

NMI handling routine

X

Operation for disabling interrupts

@)

Oo|O0|O0|0O|0O

Switching memory MATs by FMATS

o

Operation for writing H'5A to FKEY

@)

Operation for setting erasure

parameter

Oo|O0|O0|O|O|0O|0O|O

o

Execution of erasure

Decision of erasure result

Operation for erasure error

Operation for clearing FKEY

Oo|0|0|0O

Oo|0|0|0O

Switching memory MATs by FMATS

O

0]

Note:

Switching memory MATs by FMATS by a program in the on-chip RAM enables tt

be used.

RENESAS
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Table 18.12 Hardware Protection

Function to be Pro

Progra
Item Description Download Erasin
Reset protection e The programming/erasing interface @) O

registers are initialized in the reset
state (including a reset by the WDT)
and the programming/erasing
protection state is entered.

The reset state will not be entered by
a reset using the RES pin unless the
RES pin is held low until oscillation has
settled after a power is initially
supplied. In the case of a reset during
operation, hold the RES pin low for the
RES pulse width given in the AC
characteristics. If a reset is input during
programming or erasure, data in the
flash memory is not guaranteed. In this
case, execute erasure and then
execute programming again.
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by SCO bit entered when the SCO bit in FCCS is cleared to 0

to disable download of the programming/erasing
programs.

Protection The programming/erasing protection state is (0] 0]
by FKEY  entered because download and

programming/erasing are disabled unless the
required key code is written in FKEY.

Emulation The programming/erasing protection state is (0] O
protection entered when the RAMS bit in the RAM emulation

register (RAMER) is set to 1.

18.9.3 Error Protection

Error protection is a mechanism for aborting programming or erasure when a CPU runa
occurs or operations not according to the programming/erasing procedures are detected
programming/erasing of the flash memory. Aborting programming or erasure in such ca
prevents damage to the flash memory due to excessive programming or erasing.

If an error occurs during programming/erasing of the flash memory, the FLER bit in FC
to 1 and the error protection state is entered.

When an interrupt request, such as NMI, occurs during programming/erasing.
When the flash memory is read from during programming/erasing (including a vectc
an instruction fetch).

When a SLEEP instruction is executed (including software-standby mode) during
programming/erasing.

When a bus master other than the CPU, such as the DMAC and DTC, obtains bus m
during programming/erasing.
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(haraware protection)

Read disabled
Programming/erasing disabled

Read disabled
Programming/erasing enabled
FLER=0

Programming/eras
register is in its init

Error occurrence

Error-protection mode
(software standby)

Software standby mode

Error-protection mode

Read disabled
Programming/erasing disabled
FLER =1

Read enabled
Programming/erasing disabled
FLER =1

Cancel
software standby mode

Programming/erasing interface
register is in its initial state.

Figure18.18 Transitionsto Error Protection State
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[ Emulation program start ]

!

| Set RAMER |

Y

Write tuning data to overlaid
RAM area

1

| Execute application program |

Yes

| Cancel setting in RAMER |
Y

Program emulation block
in user MAT

v

[ Emulation program end ]

Figure18.19 RAM Emulation Flow
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EB6 ! !
H'07000 EB7 I 1 H'FF6000
H'08000 , : H'FFA000
: Flash memory : HFFAFFF
user MAT
EBS8 to EB19%1 On-chip RAM
H'BFFFF+2 H'FFBFFF

Notes: 1. EB8to EB15 for H8SX/1656C.
2. H'7FFF for H8SX/1656C.

Figure18.20 AddressMap of Overlaid RAM Area (H8SX/1657C)

The flash memory area that can be emulated is the one area selected by bits RAM2 to RA
RAMER from among the eight blocks, EBO to EB7, of the user MAT.

To overlay a part of the on-chip RAM with block EBO for realtime emulation, set the RA
RAMER to 1 and bits RAM2 to RAMO to B'000.

For programming/erasing the user MAT, the procedure programs including a download
of the on-chip program must be executed. At this time, the download area should be spec
that the overlaid RAM area is not overwritten by downloading the on-chip program. Sinc
in which the tuned data is stored is overlaid with the download area when FTDAR = H'0!
tuned data must be saved in an unused area beforehand.
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R EB7

H'08000 f 1
N Specified by FTDAR
Flash memory + 1| Download area
user MAT | H'FFA000
EBS to EB19*1 | Tuned data area HEFAFEF
Area for programming/| H'FFBO0O
H'BEFFF*2 erasing program etc. H'FEBFEF

Notes: 1. EBS8to EB15 for H8SX/1656C.
2. H7FFFF for H8SX/1656C.

Figure18.21 Programming Tuned Data (H8SX/1657C)

1. After tuning program data is completed, clear the RAMS bit in RAMER to 0 to canc
overlaid RAM.

2. Transfer the user-created procedure program to the on-chip RAM.

3. Start the procedure program and download the on-chip program to the on-chip RAM
address of the download destination should be specified by FTDAR so that the tunec
does not overlay the download area.

4. When block EBO of the user MAT has not been erased, the programming program n
downloaded after block EBO is erased. Specify the tuned data saved in the FMPAR :
FMPDR parameters and then execute programming.

Note: Setting the RAMS bit to 1 makes all the blocks of the user MAT enter the
programming/erasing protection state (emulation protection state) regardless of
of the RAM2 to RAMO bits. Under this condition, the on-chip program cannot t
downloaded. When data is to be actually programmed and erased, clear the RAR
to 0.
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for eight times (this prevents access to the flash memory during memory MAT switct

3. If an interrupt request has occurred during memory MAT switching, there is no guara
which memory MAT is accessed. Always mask the maskable interrupts before switch
memory MATSs. In addition, configure the system so that NMI interrupts do not occut
memory MAT switching.

4. After the memory MATSs have been switched, take care because the interrupt vector t:
also have been switched. If interrupt processing is to be the same before and after mes
MAT switching, transfer the interrupt processing routines to the on-chip RAM and sp
VBR to place the interrupt vector table in the on-chip RAM.

5. The size of the user MAT is different from that of the user boot MAT. Addresses whi
the size of the 8-kbyte user boot MAT should not be accessed. If an attempt is made,
read as an undefined value.

<User MAT> <On-chip RAM> <User boot MAT>

Procedure for
—— | switching to B
user boot MAT

Procedure for /
-~ switching to
user MAT

Procedure for switching to the user boot MAT

1. Inhibit interrupts (mask).

2. Write H'AA to FMATS.

3. Before access to the user boot MAT, execute the NOP instruction for eigh

Procedure for switching to the user MAT

1. Inhibit interrupts (mask).

2. Write other than H'AA to FMATS.

3. Before access to the user MAT, execute the NOP instruction for eight time

Figure18.22 Switching between User MAT and User Boot MAT
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H8SX/1656C 512 Kbytes
User boot MAT H8SX/1657C 8 Kbytes FZTATUSBT
H8SX/1656C

18.13 Standard Serial Communication I nterface Specifications for
Mode

The boot program initiated in boot mode performs serial communication using the host
chip SCI_4. The serial communication interface specifications are shown below.

The boot program has three states.

1. Bit-rate-adjustment state
In this state, the boot program adjusts the bit rate to achieve serial communication w
host. Initiating boot mode enables starting of the boot program and entry to the bit-r:
adjustment state. The program receives the command from the host to adjust the bit :
adjusting the bit rate, the program enters the inquiry/selection state.

2. Inquiry/selection state
In this state, the boot program responds to inquiry commands from the host. The dey
clock mode, and bit rate are selected. After selection of these settings, the program i
enter the programming/erasing state by the command for a transition to the
programming/erasing state. The program transfers the libraries required for erasure t
chip RAM and erases the user MATSs and user boot MATs before the transition.
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Bit-rate-adjustment
state

checking

. ) Response

: Inquiry/response

E wait Inquiry l l

E . Operations for Operations for
: Transition to inquiry and selection response

H programming/erasing

H Operations for erasing

' user MATs and user

H boot MATs

: v

H Programming/erasing }

E wait

E 4 Programming Erasing Checking

H Operations for Operations for

H programming erasing

' Operations fc

Figure 18.23 Boot Program States
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| 1-bit Ien'gth I

H'00 (completion of adjustment)

H'55

A

H'E6 (boot response)

(H'FF (error))

@)

Figure 18.24 Bit-Rate-Adjustment Sequence

Communications Protocol

After adjustment of the bit rate, the protocol for serial communications between the hos
boot program is as shown below.

1.

One-byte commands and one-byte responses

These one-byte commands and one-byte responses consist of the inquiries and the A
successful completion.

n-byte commands or n-byte responses

These commands and responses are comprised of n bytes of data. These are selectio
responses to inquiries.

The program data size is not included under this heading because it is determined in
command.

Error response

The error response is a response to inquiries. It consists of an error response and an ¢
and comes two bytes.

Programming of 128 bytes

The size is not specified in commands. The size of n is indicated in response to the
programming unit inquiry.
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I— Error response

128-byte programming | |Address | Data (n bytes)
Command Checl
Memory read | |Size | Data
response
P L Response Checl

Figure 18.25 Communication Protocol For mat

e Command (one byte): Commands including inquiries, selection, programming, erasin
checking

e Response (one byte): Response to an inquiry

e Size (one byte): The amount of data for transmission excluding the command, amoun
and checksum

e Checksum (one byte): The checksum is calculated so that the total of all values from
command byte to the SUM byte becomes H'00.

e Data (n bytes): Detailed data of a command or response

e Error response (one byte): Error response to a command

e Error code (one byte): Type of the error

e Address (four bytes): Address for programming

e Data (n bytes): Data to be programmed (the size is indicated in the response to the
programming unit inquiry.)

e Size (four bytes): Four-byte response to a memory read
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H'10

Device selection

Selection of device code

H'21 Clock mode inquiry Inquiry regarding numbers of clock
and values of each mode

H'11 Clock mode selection Indication of the selected clock moc

H'22 Multiplication ratio inquiry Inquiry regarding the number of fre
multiplied clock types, the number ¢
multiplication ratios, and the values
multiple

H'23 Operating clock frequency inquiry  Inquiry regarding the maximum anc
values of the main clock and periph

H'24 User boot MAT information inquiry  Inquiry regarding the number of use
MATSs and the start and last addres
each MAT

H'25 User MAT information inquiry Inquiry regarding the a number of u
and the start and last addresses of

H'26 Block for erasing information Inquiry Inquiry regarding the number of blo
the start and last addresses of eact

H'27 Programming unit inquiry Inquiry regarding the unit of progratr

H'3F New bit rate selection Selection of new bit rate

H'40 Transition to programming/erasing Erasing of user MAT and user boot

state entry to programming/erasing state
H'4F Boot program status inquiry Inquiry into the operated status of tl

program
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response to the supported device inquiry.

Command

e Command, H'20, (one byte): Inquiry regarding supported devices

Response | H'30 Size | Number of devices
Number of Device code Product name
characters
SUM

e Response, H'30, (one byte): Response to the supported device inquiry

e Size (one byte): Number of bytes to be transmitted, excluding the command, size, anc
checksum, that is, the amount of data contributes by the number of devices, character:
codes and product names

e Number of devices (one byte): The number of device types supported by the boot pro

e Number of characters (one byte): The number of characters in the device codes and b
program's name

e Device code (four bytes): ASCII code of the supporting product
e Product name (n bytes): Type name of the boot program in ASCII-coded characters
e SUM (one byte): Checksum

The checksum is calculated so that the total number of all values from the command 1
the SUM byte becomes H'00.
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e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to the device selection command
ACK will be returned when the device code matches.

Error response ‘ H'90 ‘ ERROR
e Error response, H'90, (one byte): Error response to the device selection command
ERROR : (one byte): Error code

H'11: Sum check error

H'21: Device code error, that is, the device code does not match

(¢) Clock Modelnquiry

The boot program will return the supported clock modes in response to the clock mode :

Command

e Command, H21, (one byte): Inquiry regarding clock mode

Response ‘H'31 ‘Size ‘ Mode ‘ ‘SUM ‘

e Response, H'31, (one byte): Response to the clock-mode inquiry

e Size (one byte): Amount of data that represents the modes
e Mode (one byte): Values of the supported clock modes (i.e. H01 means clock mode
e SUM (one byte): Checksum

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to the clock mode selection command
ACK will be returned when the clock mode matches.

Error Response ‘ H'91 ‘ ERROR
e Error response, H'91, (one byte) : Error response to the clock mode selection comman
¢ ERROR : (one byte): Error code

H'11: Checksum error
H'22: Clock mode error, that is, the clock mode does not match.

Even if the clock mode numbers are H'00 and H'O1 by a clock mode inquiry, the clock m
be selected using these respective values.
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SUM

Response, H'32, (one byte): Response to the multiplication ratio inquiry

Size (one byte): The amount of data that represents the number of multiplication typ
multiplication ratios and the multiplication ratios

Number of multiplication types (one byte): The number of multiplication types to w!
device can be set.

(e.g. when there are two multiplied clock types, which are the main and peripheral c
number of types will be H'02.)

Number of multiplication ratios (one byte): The number of multiplication ratios for ¢
(e.g. the number of multiplication ratios to which the main clock can be set and the |
clock can be set.)

Multiplication ratio (one byte)

Multiplication ratio: The value of the multiplication ratio (e.g. when the clock-frequ
multiplier is four, the value of multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, i.e. a negative number (e.g. when th
divided by two, the value of division ratio will be HFE. HFE = D'-2)

The number of multiplication ratios returned is the same as the number of multiplica
and as many groups of data are returned as there are multiplication types.

SUM (one byte): Checksum
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SUM

e Response, H'33, (one byte): Response to operating clock frequency inquiry

e Size (one byte): The number of bytes that represents the minimum values, maximum
and the number of frequencies.

e Number of operating clock frequencies (one byte): The number of supported operatin
frequency types
(e.g. when there are two operating clock frequency types, which are the main and per
clocks, the number of types will be H'02.)

e Minimum value of operating clock frequency (two bytes): The minimum value of the
multiplied or divided clock frequency.
The minimum and maximum values of the operating clock frequency represent the va
MHz, valid to the hundredths place of MHz, and multiplied by 100. (e.g. when the va
17.00 MHz, it will be 2000, which is H'07DO0.)

e Maximum value (two bytes): Maximum value among the multiplied or divided clock
frequencies.
There are as many pairs of minimum and maximum values as there are operating cloc
frequencies.

e SUM (one byte): Checksum
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Response, H'34, (one byte): Response to user boot MAT information inquiry

Size (one byte): The number of bytes that represents the number of areas, area-start :
and area-last address

Number of Areas (one byte): The number of consecutive user boot MAT areas
When user boot MAT areas are consecutive, the number of areas returned is H'O1.

Area-start address (four byte): Start address of the area

Area-last address (four byte): Last address of the area
There are as many groups of data representing the start and last addresses as there ar

SUM (one byte): Checksum

(h) User MAT Information Inquiry

The boot program will return the number of user MATSs and their addresses.

Command

Response | H'35 ‘Size ‘Numberofareas

Command, H'25, (one byte): Inquiry regarding user MAT information

Start address area Last address area

SUM

Response, H'35, (one byte): Response to the user MAT information inquiry

Size (one byte): The number of bytes that represents the number of areas, area-start :
and area-last address

Number of areas (one byte): The number of consecutive user MAT areas
When the user MAT areas are consecutive, the number of areas is H'O1.

Area-start address (four bytes): Start address of the area
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Block start address Block last address

SUM
Response, H'36, (one byte): Response to the number of erased blocks and addresses

Size (three bytes): The number of bytes that represents the number of blocks, block-s!
addresses, and block-last addresses.

Number of blocks (one byte): The number of erased blocks
Block start address (four bytes): Start address of a block

Block last Address (four bytes): Last address of a block
There are as many groups of data representing the start and last addresses as there are

SUM (one byte): Checksum

(j) Programming Unit Inquiry

The boot program will return the programming unit used to program data.

Command

Command, H'27, (one byte): Inquiry regarding programming unit

Response ’H'37 ’Size ‘Programming unit ’SUM |

Response, H'37, (one byte): Response to programming unit inquiry

Size (one byte): The number of bytes that indicate the programming unit, which is fix
Programming unit (two bytes): A unit for programming

This is the unit for reception of programming.

SUM (one byte): Checksum
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Size (one byte): The amount of data that represents the bit rate, input frequency, nur
multiplication types, and multiplication ratio

Bit rate (two bytes): New bit rate
One hundredth of the value (e.g. when the value is 19200 bps, it will be 192, which |

Input frequency (two bytes): Frequency of the clock input to the boot program
This is valid to the hundredths place and represents the value in MHz multiplied by
when the value is 20.00 MHz, it will be 2000, which is H'07D0.)

Number of multiplication types (one byte): The number of multiplication types to w!
device can be set.

Multiplication ratio 1 (one byte): The value of multiplication or division ratios for tt
operating frequency

Multiplication ratio (one byte): The value of the multiplication ratio (e.g. when the c
frequency is multiplied by four, the multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, as a negative number (e.g. when the
frequency is divided by two, the value of division ratio will be HFE. HFE = D'-2)

Multiplication ratio 2 (one byte): The value of multiplication or division ratios for th
peripheral frequency

Multiplication ratio (one byte): The value of the multiplication ratio (e.g. when the c
frequency is multiplied by four, the multiplication ratio will be H'04.)

(Division ratio: The inverse of the division ratio, as a negative number (E.g. when th
divided by two, the value of division ratio will be HFE. HFE = D'-2)

SUM (one byte): Checksum

Response

Response, H'06, (one byte): Response to selection of a new bit rate
When it is possible to set the bit rate, the response will be ACK.

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



14/, Uptldatlllg 1lcguclicy ool

The frequency is not within the specified range.

(4) Receive Data Check

The methods for checking of receive data are listed below.

1.

Input frequency
The received value of the input frequency is checked to ensure that it is within the ran
minimum to maximum frequencies which matches the clock modes of the specified d
When the value is out of this range, an input-frequency error is generated.
Multiplication ratio
The received value of the multiplication ratio or division ratio is checked to ensure th
matches the clock modes of the specified device. When the value is out of this range,
frequency error is generated.
Operating frequency error
Operating frequency is calculated from the received value of the input frequency and
multiplication or division ratio. The input frequency is input to the LSI and the LSI is
at the operating frequency. The expression is given below.

Operating frequency = Input frequency x Multiplication ratio, or

Operating frequency = Input frequency + Division ratio
The calculated operating frequency should be checked to ensure that it is within the r:
minimum to maximum frequencies which are available with the clock modes of the s,
device. When it is out of this range, an operating frequency error is generated.
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response. The host will send an ACK with the new bit rate for confirmation and the boo
will response with that rate.

Confirmation

e Confirmation, H'06, (one byte): Confirmation of a new bit rate

Response

e Response, H'06, (one byte): Response to confirmation of a new bit rate

The sequence of new bit-rate selection is shown in figure 18.26.

Host Boot program

Setting a new bit rate

H'06 (ACK)
Waiting for one-bit period
at the specified bit rate

Setting a new bit rate Setting a new bit rate

H'06 (ACK) with the new bit rate

H'06 (ACK) with the new bit rate

Figure18.26 New Bit-Rate Selection Sequence

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



T T ST
e Command, H'40, (one byte): Transition to programming/erasing state

Response

e Response, H'06, (one byte): Response to transition to programming/erasing state
The boot program will send ACK when the user MAT and user boot MAT have been
by the transferred erasing program.

Error Response

e Error response, H'CO, (one byte): Error response for user boot MAT blank check

e Error code, H'S1, (one byte): Erasing error
An error occurred and erasure was not completed.

(6) Command Error

A command error will occur when a command is undefined, the order of commands is in
or a command is unacceptable. Issuing a clock-mode selection command before a device
or an inquiry command after the transition to programming/erasing state command, are €

Error Response

e Error response, H'80, (one byte): Command error
e Command, H'xx, (one byte): Received command
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be made, such as the multiplication-ratio inquiry (H22) or operating frequency inqu
which are needed for a new bit-rate selection.

. A new bit rate should be selected with the new bit-rate selection (H'3F) command, a
to the returned information on multiplication ratios and operating frequencies.

. After selection of the device and clock mode, the information of the user boot MAT
MAT should be made to inquire about the user boot MATs information inquiry (H'2
MATS information inquiry (H'25), erased block information inquiry (H26), and pro;
unit inquiry (H'27).

. After making inquiries and selecting a new bit rate, issue the transition to
programming/erasing state command (H'40). The boot program will then enter the
programming/erasing state.
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H'43

User MAT programming selection

Transfers the user MAT programmi
program

H'50 128-byte programming Programs 128 bytes of data

H'48 Erasing selection Transfers the erasing program

H'58 Block erasing Erases a block of data

H'52 Memory read Reads the contents of memory

H'4A User boot MAT sum check Checks the checksum of the user k

H'4B User MAT sum check Checks the checksum of the user N

H'4C User boot MAT blank check Checks the blank data of the user |

H'4D User MAT blank check Checks the blank data of the user |

H'4C User boot MAT blank check Checks whether the contents of the
boot MAT are blank

H'4D User MAT blank check Checks whether the contents of the
MAT are blank

H'4F Boot program status inquiry Inquires into the boot program's ste
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command represents the data programmed according to the method specitied by the
command. When more than 128-byte data is programmed, 128-byte commands shot
repeatedly be executed. Sending a 128-byte programming command with H'FFFFFF
address will stop the programming. On completion of programming, the boot progra
wait for selection of programming or erasing.

Where the sequence of programming operations that is executed includes programm
another method or of another MAT, the procedure must be repeated from the progra
selection command.

The sequence for the programming selection and 128-byte programming commands
in figure 18.27.

Host Boot program

.

Transfer of the
programming

Programming selection (H'42, H'43, H'44)

program
) ACK
128-byte programming (address, data) -
| Programming
) ACK

128-byte programming (H'FFFFFFFF)

ACK

Figure 18.27 Programming Sequence
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\/

Preparation for erasure (H'48)
Transfer of erasure

program
ACK
Erasure (Erasure block number)
- ACK

Erasure (H'FF)

ACK

Figure 18.28 Erasure Sequence
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Error Response | H'C2 | ERROR
e Error response : H'C2 (1 byte): Error response to user boot MAT programming selec
e ERROR: (1 byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not complet

(b) User MAT Programming Selection

The boot program will transfer a program for user MAT programming selection. The da
programmed to the user MATs by the transferred program for programming.

Command

e Command, H'43, (one byte): User-program programming selection

Response

e Response, H'06, (one byte): Response to user-program programming selection
When the programming program has been transferred, the boot program will return .

Error Response ‘ H'C3 | ERROR ‘
e Error response : H'C3 (1 byte): Error response to user boot MAT programming selec
e ERROR : (1 byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not complet
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e Command, H'50, (one byte): 128-byte programming

e Programming Address (four bytes): Start address for programming
Multiple of the size specified in response to the programming unit inquiry
(i.e. H'00, H'01, H'00, H'00 : H'01000000)

e Program data (128 bytes): Data to be programmed
The size is specified in the response to the programming unit inquiry.

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to 128-byte programming
On completion of programming, the boot program will return ACK.

Error Response ‘ H'DO | ERROR

e Error response, HDO, (one byte): Error response for 128-byte programming
e ERROR: (one byte): Error code
H'11: Checksum Error
H'2A: Address error
The address is not in the specified MAT.
H'53: Programming error
A programming error has occurred and programming cannot be contint

The specified address should match the unit for programming of data. For example, wher
programming is in 128-byte units, the lower eight bits of the address should be H'00 or H
When there are less than 128 bytes of data to be programmed, the host should fill the rest
H'FF.

Sending the 128-byte programming command with the address of H'FFFFFFFF will stop
programming operation. The boot program will interpret this as the end of the programm:
wait for selection of programming or erasing.
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¢ ERROR: (one byte): Error code

H'11: Checksum error
H'53: Programming error
An error has occurred in programming and programming cannot be cc

(d) ErasureSelection

The boot program will transfer the erasure program. User MAT data is erased by the tra
erasure program.

Command

e Command, H'48, (one byte): Erasure selection

Response

e Response, H'06, (one byte): Response for erasure selection
After the erasure program has been transferred, the boot program will return ACK.

Error Response ‘ H'C8 | ERROR
e Error Response, H'C8, (one byte): Error response to erasure selection
e ERROR: (one byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not compl
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Response | H'06

e Response, H'06, (one byte): Response to Erasure
After erasure has been completed, the boot program will return ACK.

Error Response ‘H'DS |ERROR ‘

e Error Response, H'D8, (one byte): Response to Erasure
e ERROR (one byte): Error code

H'11: Sum check error
H'29: Block number error

Block number is incorrect.
H'51: Erasure error

An error has occurred during erasure.

On receiving block number H'FF, the boot program will stop erasure and wait for a select
command.

Command ’ H'58 ‘ Size ‘ Block number ’ SUM ‘

e Command, H'58, (one byte): Erasure

o Size, (one byte): The number of bytes that represents the block number
This is fixed to 1.

e Block number (one byte): HFF
Stop code for erasure

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to end of erasure (ACK)
When erasure is to be performed after the block number H'FF has been sent, the proc:
should be executed from the erasure selection command.
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An address error occurs when the area setting is incorrect.
e Read address (4 bytes): Start address to be read from

e Read size (4 bytes): Size of data to be read
e SUM (1 byte): Checksum

Response | H'52

Read size

Data

|

SUM

e Response: H'S2 (1 byte): Response to memory read

e Read size (4 bytes): Size of data to be read

e Data (n bytes): Data for the read size from the read address
e SUM (1 byte): Checksum

Error Response ‘ H'D2 | ERROR

e Error response: HD2 (1 byte): Error response to memory read

e ERROR: (1 byte): Error code
H'I1: Sum check error

H'2A: Address error
The read address is not in the MAT.
H"2B: Size error
The read size exceeds the MAT.

RENESAS
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Thais 1s fixed to 4.

Checksum of user boot program (four bytes): Checksum of user boot MATs
The total of the data is obtained in byte units.

SUM (one byte): Sum check for data being transmitted

(h) User-Program Sum Check

The boot program will return the byte-by-byte total of the contents of the bytes of the use
program.

Command

Command, H'4B, (one byte): Sum check for user program

Response ’ H'5B ‘ Size ’ Checksum of user program | SUM ‘

Response, H'5B, (one byte): Response to the sum check of the user program

Size (one byte): The number of bytes that represents the checksum
This is fixed to 4.

Checksum of user boot program (four bytes): Checksum of user MATSs
The total of the data is obtained in byte units.

SUM (one byte): Sum check for data being transmitted
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e Error Response, H'CC, (one byte): Response to blank check for user boot MAT

e Error Code, H'52, (one byte): Erasure has not been completed.
(j) User MAT Blank Check
The boot program will check whether or not all user MATS are blank and return the rest

Command

e Command, H'4D, (one byte): Blank check for user MATSs

Response

e Response, H'06, (one byte): Response to the blank check for user MATSs
If the contents of all user MATSs are blank (H'FF), the boot program will return ACK

Error Response

e Error Response, H'CD, (one byte): Error response to the blank check of user MATSs.

e Error code, H'S2, (one byte): Erasure has not been completed.
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e Status (one byte): State of the boot program
e ERROR (one byte): Error status

ERROR = 0 indicates normal operation.
ERROR =1 indicates error has occurred.

e SUM (one byte): Sum check

Table 18.17 Status Code

Code Description

H'11 Device selection wait

H'12 Clock mode selection wait

H'13 Bit rate selection wait

H1F Programming/erasing state transition wait (bit rate selection is completed)
H'31 Programming state for erasure

H'3F Programming/erasing selection wait (erasure is completed)

H'4F Program data receive wait

H'5F

Erase block specification wait (erasure is completed)
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H'26

Multiplication ratio error

H'27 Operating frequency error

H'29 Block number error

H'2A Address error

H'2B Data length error

H'51 Erasure error

H'52 Erasure incomplete error

H'53 Programming error

H'54 Selection processing error

H'80 Command error

H'FF Bit-rate-adjustment confirmation error

RENESAS
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3.3-V programming voltage. Use only the specified socket adapter.

. Do not remove the chip from the PROM programmer nor input a reset signal during
programming/erasing in which a high voltage is applied to the flash memory. Doing s
damage the flash memory permanently. If a reset is input accidentally, the reset must
released after the reset input period of at least 100ps.

. The flash memory is not accessible until FKEY is cleared after programming/erasing
the operating mode is changed and this LSI is restarted by a reset immediately after
programming/erasing has finished, secure the reset input period (period of RES = 0) c
100us. Transition to the reset state during programming/erasing is inhibited. If a reset
accidentally, the reset must be released after the reset input period of at least 100us.

. At powering on or off the Vcc power supply, fix the RES pin to low and set the flash
to hardware protection state. This power on/off timing must also be satisfied at a pow
power-on caused by a power failure and other factors.

. In on-board programming mode or programmer mode, programming of the 128-byte
programming-unit block must be performed only once. Perform programming in the
where the programming-unit block is fully erased.

. When the chip is to be reprogrammed with the programmer after execution of prograr
erasure in on-board programming mode, it is recommended that automatic programm
performed after execution of automatic erasure.

10. To program the flash memory, the program data and program must be allocated to ads

which are higher than those of the external interrupt vector table and H'FF must be w
all the system reserved areas in the exception handling vector table.

11. The programming program that includes the initialization routine and the erasing prog

includes the initialization routine are each 4 Kbytes or less. Accordingly, when the Cl
frequency is 35 MHz, the download for each program takes approximately 60 pis at th
maximum.
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Immedlately after executing the instruction to set the SCO bit to 1, dummy read of tl
must be executed twice.

15. The contents of general registers ERO and ER1 are not saved during download of an
program, initialization, programming, or erasure. When needed, save the general reg
before a download request or before execution of initialization, programming, or era
the procedure program.
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This LSI supports three types of clocks: a system clock provided to the CPU and bus m:
peripheral module clock provided to the peripheral modules, and an external bus clock f
the external bus. These clocks can be specified independently. Note, however, that the f
of the peripheral clock and external bus clock are lower than that of the system clock.

EXTAL —

XTAL —

Oscillator |

PLL
circuit

11

1/2

1/4

_1/8]
Divider 1/
EXTAL x 4 an, 1/2
172, 1/4
1/4, 1/8
and 1/8)

1

12

1/4

1/8

' ICK2 to ICKO

System cloc
(to the CPU
bus master:

SCKCR
PCK2 to PCKO

Selector Peripheral n
clock (Po)
(to peripher:

BCK2 to BCKO

External bus
(to the Bo pi

Figure19.1 Block Diagram of Clock Pulse Generator

RENESAS
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Bit 15 14 13 12 11 10 9

Bit Name | PSTOP1 — — — — ICK2 ICKA1
Initial Value 0 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name — PCK2 PCK1 PCKO — BCK2 BCK1
Initial Value 0 0 1 0 0 0 1
R/W R/W R/W R/W R/W R/W RIW RW
Initial
Bit Bit Name Value R/W Description
15 PSTOP1 0 R/W B ¢ Clock Output Enable

Controls B¢ output on PA7.
Normal operation
0: B¢ output
1: Fixed high
14to 11 — All O R/W Reserved

These bits are always read as 0. The write value
always be 0.
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The frequencies of the peripheral module clock
external bus clock change to the same frequen
system clock if the frequency of the system clo
than that of the two clocks.

R/W

Reserved

This bit is always read as 0. The write value sh
always be 0.

PCK2
PCK1
PCKO

R/W
R/W
R/W

Peripheral Module Clock (P¢) Select

These bits select the frequency of the peripher:
clock. The ratio to the input clock is as follows:

000: x 4

001: x 2

010: x 1

011:x 1/2

1XX: Setting prohibited

The frequency of the peripheral module clock s
lower than that of the system clock. Though the
can be set so as to make the frequency of the |
module clock higher than that of the system clo
clocks will have the same frequency in reality.

R/W

Reserved

This bit is always read as 0. The write value sh
always be 0.
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The frequency of the external bus clock should t
than that of the system clock. Though these bits
set so as to make the frequency of the external |
higher than that of the system clock, the clocks \
the same frequency in reality.

Note: X: Don't care
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Cuy
EXTAL ﬁ_—| |—Th_
=
xTAL AM—T——
— | Rq Crz

C1=C,=10t0 22 pF

Figure19.2 Connection of Crystal Resonator (Example)

Table19.1 Damping Resistance Value

Frequency (MHz) 8 12 18
R, (©) 200 0 0

Figure 19.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator
the characteristics shown in table 19.2.

XTAL <-— — EXTAL

||
’ :) AT-cut parallel-resonance type

Figure19.3 Crystal Resonator Equivalent Circuit
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input to the XTAL pin, make sure that the external clock is held high in standby mode.

EXTAL

XTAL

EXTAL

XTAL

J-I_I-I_I-I_ External clock input

Open

(a) XTAL pin left open

v

(b) Counter clock input on XTAL pin

J-I_I-I_n_ External clock input

Figure19.4 External Clock Input (Examples)

For the input conditions of the external clock, refer to table 22.4 in section 22.3.1, Clock

The input external clock should

19.3 PLL Circuit

be from 8 to 18 MHz.

The PLL circuit has the function of multiplying the frequency of the clock from the oscil
factor of 4. The frequency multiplication factor is fixed. The phase difference is controlle
the timing of the rising edge of the internal clock is the same as that of the EXTAL pin si
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1.

The following points should be noted since the frequency of ¢ (I$: system clock, P¢
peripheral module clock, B¢: external bus clock) supplied to each module changes a
to the setting of SCKCR.

Select a clock division ratio that is within the operation guaranteed range of clock cy
t.. shown in the AC timing of electrical characteristics.

For example, the following settings are not permitted under the conditions of 8 MHz
MHz, 8 MHz < P¢ < 35 MHz, and 8 MHz < B¢ < 35 MHz: 1¢ < 8 MHz, 35 MHz < |
MHz, 35 MHz < P¢, B¢ < 8 MHz, and 35 MHz < B¢.

All the on-chip peripheral modules (except for the DMAC and DTC) operate on the
Therefore, note that the time processing of modules such as a timer and SCI differs |
after changing the clock division ratio.

In addition, wait time for clearing software standby mode differs by changing the cl
division ratio. For details, see section 20.7.3, Setting Oscillation Settling Time after
Software Standby Mode.

The relationship among the system clock, peripheral module clock, and external bus
> P¢ and I¢ > B¢. In addition, the system clock setting has the highest priority. Accc
P¢ or B¢ may have the frequency set by bits ICK2 to ICKO regardless of the setting:
PCK?2 to PCKO or BCK2 to BCKO.

Figure 19.5 shows the clock modification timing. After a value is written to SCKCR
waits for the current bus cycle to complete. After the current bus cycle completes, ez
frequency will be modified within one cycle (worst case) of the external input clock
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Operating clock Operating clock changed
specified in SCKCR

Figure19.5 Clock Madification Timing

19.5.2 Noteson Resonator

Since various characteristics related to the resonator are closely linked to the user's board
thorough evaluation is necessary on the user's part, using the resonator connection examp
shown in this section as a reference. As the parameters for the resonator will depend on tl
floating capacitance of the resonator and the mounting circuit, the parameters should be
determined in consultation with the resonator manufacturer. The design must ensure that
exceeding the maximum rating is not applied to the resonator pin.

Rev. 2.00 Jun. 28, 2007 Page 752 of 864
REJ09B0341-0200 RENESAS



3

EXTAL

—H

Figure19.6 Note on Board Design for Oscillation Circuit

Figure 19.7 shows the external circuitry recommended for the PLL circuit. Separate PLI
PLLVss from the other Vcc and Vss lines at the board power supply source, and be sure
bypass capacitors CPB and CB close to the pins.

Rp: 100 Q@
PLLVcc _T_ 'v‘v‘v
T CPB:0.1 pF*
PLLVss
Vce *
% CB: 0.1 yF* 4|.'
Vss -
T

Note: * CB and CPB are laminated ceramic capacitors.

Figure19.7 Recommended External Circuitry for PLL Circuit
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e Module stop function

The functions for each peripheral modules can be stopped to make a transition to a p
down state.

e Transition function to power-down mode

Transition to a power-down mode is possible to stop the CPU, peripheral modules, a
oscillator.

e Four power-down modes
Sleep mode
All-module-clock-stop mode
Software standby mode

Hardware standby mode

Table 20.1 shows conditions for making a transition to a power-down mode, states of th
peripheral modules, and clearing method for each mode. After the reset state, since this
operates in normal program execution state, the modules, other than the DMAC and DT
stopped.
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8-bit timer Functions Functions** Halted (retained) Halted

Other peripheral ~ Functions Halted*' Halted*' Halted*
modules
1/0 port Functions Retained Retained Hi-Z

Notes: "Halted (retained)" in the table means that the internal register values are retainec
internal operations are suspended.

SCI enters the reset state, and other peripheral modules retain their states.
External interrupt and some internal interrupts (8-bit timer and watchdog timer;
All peripheral modules enter the reset state.

"Functions" or "Halted" is selectable through the setting of bits MSTPA11 to M
MSTPCRA. However, pin output is disabled even when "Functions" is selectec

o
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/ B violrvn=nriu-rjrrrrr

SLEEP instruction*3 |

All-module-clock-

Program execution state
Interrupt1 stop mode

SLEEP
instruction®3

SSBY =1

External
interrupt+2

[4

[~ Software standby mode

Program halted state

——————— = Transition after exception handling

Notes: From any state, a transition to hardware standby mode occurs when STBY is driven low.
From any state except for hardware standby mode, a transition to the reset state occurs when RES is ¢
1. NMI, IRQO to IRQ1T, 8-bit timer interrupts, and watchdog timer interrupts.
The 8-bit timer is valid when bits MSTPCRA11 to MSTPCRAS are all cleared to 0.
2. NMI and IRQO to IRQ11. Note that IRQ is valid only when the corresponding bit in SSIER is set to 1
3. The SLPIE bitis 0.

Figure20.1 Mode Transitions

20.2  Register Descriptions

The registers related to the power-down modes are shown below. For details on the syst
control register (SCKCR), refer to section 19.1.1, System Clock Control Register (SCK(

e Standby control register (SBYCR)

e Module stop control register A (MSTPCRA)
e Module stop control register B (MSTPCRB)
e Module stop control register C (MSTPCRC)
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DIL INallic I oLric I — I —

Initial Value 0 0 0
R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W

Description

15 SSBY 0 R/W

Software Standby

Specifies the transition mode after executing the
instruction

0: Shifts to sleep mode after the SLEEP instructi
executed

1: Shifts to software standby mode after the SLE
instruction is executed

This bit remains set to 1 when software standby
cleared by using external interrupts and a transit
normal operation is made. For clearing, write O t
When the WDT is used as the watchdog timer, t
of this bit is disabled. In this case, a transition is
made to sleep mode or all-module-clock-stop mc
the SLEEP instruction is executed.

This bit should be cleared to 0 when setting the
to 1.

14 OPE 1 R/W

Output Port Enable
Specifies whether the output of the address bus

control signals (CS0 to CS7, AS, RD, HWR, and
retained or set to the high-impedance state in so

standby mode.

0: In software standby mode, address bus and b
control signals are high-impedance

1: In software standby mode, address bus and b
control signals retain output state
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circuit settling time is necessary. Refer to table
the standby time.

While oscillation is being settled, the timer is cc
the P¢ clock frequency. Careful consideration i
in multi-clock mode.

00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010
01011:
01100:
01101:
01110:
01111:

Reserved

Reserved

Reserved

Reserved

Reserved

Standby time = 64 states
Standby time = 512 states
Standby time = 1024 states
Standby time = 2048 states
Standby time = 4096 states

: Standby time = 16384 states

Standby time = 32768 states
Standby time = 65536 states
Standby time = 131072 states
Standby time = 262144 states
Standby time = 524288 states

1XXXX: Reserved
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6to0 — AllO R/W Reserved

These bits are always read as 0. The write value
always be O.
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Bit 7 6 5 4 3 2 1

Bit Name MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPA1

Initial Value 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W
MSTPCRB

Bit 15 14 13 12 11 10 9

Bit Name MSTPB15 | MSTPB14 | MSTPB13 | MSTPB12 | MSTPB11 | MSTPB10 | MSTPB9

Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1

Initial Value 1 1 1 1 1 1 |

R/W R/W R/W R/W R/W R/W R/W R/W
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1: All-module-clock-stop mode enabled

14 MSTPA14 R/W Reserved
13 MSTPA13 R/W These bits are always read as 0. The write value
always be 0.
12 MSTPA12 0 R/W Data transfer controller (DTC)
11 MSTPA11 R/W Reserved
10 MSTPA10 1 R/W These bits are always read as 1. The write value
always be 1.
9 MSTPA9 1 R/W 8-bit timer (TMR_3 and TMR_2)
8 MSTPA8 1 R/W 8-bit timer (TMR_1 and TMR_0)
7 MSTPA7 A1 R/W Reserved
6 MSTPA6 1 R/W These bits are always read as 1. The write value
always be 1.
MSTPA5 1 R/W D/A converter (channels 1 and 0)
MSTPA4 1 R/W Reserved
This bit is always read as 1. The write value sho
always be 1.
MSTPA3 1 R/W A/D converter (unit 0)
MSTPA2 1 R/W Reserved
MSTPA1 1 R/W These bits are always read as 1. The write value
always be 1.
0 MSTPAO 1 R/W 16-bit timer pulse unit (TPU channels 5 to 0)
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always be 1.

10 MSTPB10 1 R/W Serial communication interface_2 (SCI_2)
9 MSTPB9 1 R/W Serial communication interface_1 (SCI_1)
8 MSTPB8 1 R/W Serial communication interface_0 (SCI_0)
7 MSTPB7 1 R/W Reserved

6 MSTPB6 1 R/W These bits are always read as 1. The write valu
5 MSTPB5 1 rw  alwaysbe 1.

4 MSTPB4 1 R/W

3 MSTPB3 1 R/W

2 MSTPB2 1 R/W

1 MSTPB1 1 R/W

0 MSTPBO 1 R/W
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Bit Name | MSTPC7 | MSTPCé | MSTPC5 | MSTPC4 | MSTPC3 | MSTPC2 | MSTPC1 | M
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W RW RW
Initial
Bit Bit Name Value R/W Module
15 MSTPC15 1 R/W Reserved
14 MSTPC14 A1 R/W These bits are always read as 1. The write value
13 MSTPC13 1 rw  alwaysbe 1.
12 MSTPC12 1 R/W
11 MSTPC11 A1 R/W
10 MSTPC10 1 R/W
9 MSTPC9 1 R/W
8 MSTPC8 1 R/W
7 MSTPC7 O R/W Reserved
6 MSTPC6 0 R/W These bits are always read as 0. The write value
5 MSTPC5 0 rw  alwaysbe0.
4 MSTPC4 0 R/W
3 MSTPC3 O R/W
2 MSTPC2 0 R/W On-chip RAM_2 (H'FF6000 to H'FF7FFF)
1 MSTPC1 0 R/W On-chip RAM_1 (H'FF8000 to H'FF9FFF)
0 MSTPCO O R/W On-chip RAM_0 (H'FFA000 to H'FFBFFF)
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20.4  Module Stop Function
Module stop function can be set for individual on-chip peripheral modules.

When the corresponding MSTP bit in MSTPCRA, MSTPCRB, or MSTPCRC is set to 1
operation stops at the end of the bus cycle and a transition is made to the module stop st
CPU continues operating independently.

When the corresponding MSTP bit is cleared to 0, the module stop state is cleared and t
starts operating at the end of the bus cycle. In the module stop state, the internal states o
other than the SCI are retained.

After the reset state is cleared, all modules other than the DMAC, DTC, and on-chip RA
the module stop state.

The registers of the module for which the module stop state is selected cannot be read fr
written to.

20.5 Sleep Mode

20.5.1 Transition to Sleep Mode

When the SLEEP instruction is executed when the SSBY bit in SBYCR is 0, the CPU e
mode. In sleep mode, CPU operation stops but the contents of the CPU's internal registe
retained. Other peripheral functions do not stop.
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drivin?g the RES ‘pin high makes the CPU start the reset exceptioil processing.
3. Clearing by STBY pin

When the STBY pin level is driven low, a transition is made to hardware standby mo
4. Clearing by reset caused by watchdog timer overflow

Sleep mode is exited by an internal reset caused by a watchdog timer overflow.
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normal program execution state via the exception handling state. All-module-clock-stop
not cleared if interrupts are disabled, if interrupts other than NMI are masked on the CP'
if the relevant interrupt is designated as a DTC activation source.

When the STBY pin is driven low, a transition is made to hardware standby mode.

Note: * Operation or halting of the 8-bit timer can be selected by bits MSTPA11 to M
MSTPCRA.
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consumption to be significantly reduced.

If the WDT is used as a watchdog timer, it is impossible to make a transition to software
mode. The WDT should be stopped before the SLEEP instruction execution.

20.7.2  Clearing Softwar e Standby M ode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRC
by means of the RES pin or STBY pin.

1.

Clearing by interrupt

When an NMI or IRQO to IRQ11* interrupt request signal is input, clock oscillation s

after the elapse of the time set in bits STS4 to STSO in SBYCR, stable clocks are supj

the entire LSI, software standby mode is cleared, and interrupt exception handling is

When clearing software standby mode with an IRQO to IRQ11* interrupt, set the

corresponding enable bit to 1 and ensure that no interrupt with a higher priority than i

IRQO to IRQ11* is generated. Software standby mode cannot be cleared if the interru

been masked on the CPU side or has been designated as a DTC activation source.

Note: * By setting the SSIn bit in SSIER to 1, IRQO to IRQ11 can be used as a soft
standby mode clearing source.

Clearing by RES pin

When the RES pin is driven low, clock oscillation is started. At the same time as cloc

oscillation starts, clocks are supplied to the entire LSI. Note that the RES pin must be

until clock oscillation settles. When the RES pin goes high, the CPU begins reset exc

handling.

Clearing by STBY pin

When the STBY pin is driven low, a transition is made to hardware standby mode.
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Table20.2 Oscillation Settling Time Settings

Standby P¢* [MHz]
STS4 STS3 STS2 STS1 STSO Time 35 25 20
0 0 0 0 0 Reserved — — —
1 Reserved — — —
1 0 Reserved — — —
1 Reserved — — —
1 0 0 Reserved — — —
1 64 1.8 2.6 3.2
1 0 512 14.6 20.5 25.6
1 1024 29.3 41.0 51.2
1 0 0 0 2048 58.5 81.9 102.4
1 4096 0.12 0.16 0.20
1 0 16384 0.47 0.66 0.82
1 32768 0.94 1.31 1.64
1 0 0 65536 1.87 2.62 3.28
1 131072 3.74 5.24 6.55
1 0 262144 7.49 10.49 13.11
1 524288 14.98 20.97 26.21
1 0 0 0 0 Reserved — — —

I:l : Recommended time setting when using a crystal resonator.
|:| : Recommended time setting when using an external clock.
Note: * P¢ is the output from the peripheral module frequency divider.
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1 1024 78.8 102.4 128.0
1 0 0 0 2048 157.5 204.8 256.0
1 4096 0.32 0.41 0.51
1 0 16384 1.26 1.64 2.05
1 32765 2.52 3.28 4.10
1 0 0 65536 5.04 6.55 8.19
1 131072 10.08 13.11 16.38
1 0 262144 20.16 26.21 32.77
1 524288 40.33 52.43 65.54
1 0 0 0 0 Reserved — — —

|:| : Recommended time setting when using a crystal resonator.

[ ]: Recommended time setting when using an external clock.

Note: * ¢ is the output from the peripheral module frequency divider.
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Figure20.2 Software Standby Mode Application Example
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e

driving the STBY pin low. Do not change the state of the mode pins (MD2 to MDO) whil
LSI is in hardware standby mode.

20.8.2 Clearing Hardware Standby Mode

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When th
pin is driven high while the RES pin is low, the reset state is entered and clock oscillatior
started. Ensure that the RES pin is held low until clock oscillation settles (for details on t
oscillation settling time, refer to table 20.2). When the RES pin is subsequently driven hi;
transition is made to the program execution state via the reset exception handling state.

20.8.3 Hardware Standby Mode Timing
Figure 20.3 shows an example of hardware standby mode timing.

When the STBY pin is driven low after the RES pin has been driven low, a transition is 1
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin hig
waiting for the oscillation settling time, then changing the RES pin from low to high.

osaitator [ [ [ [[[[[[][] " T
RES 1 (« |

))

((
))

Oscillation Reset exception
settling time handling

Figure20.3 Hardware Standby Mode Timing
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liming.

@ Power supply l

RES |

A
y

@ Reset state !

STBY J |
|
|

@ Hardware standby mode

Figure20.4 Timing Sequence at Power-On

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



Transitions to the power-down state are inhibited when sleep instruction exception handl
initiated, and the CPU immediately starts sleep instruction exception handling.

When a SLEEP instruction is executed while the SLPIE bit is cleared to 0, a transition is

the power-down state. The power-down state is canceled by a canceling factor interrupt (
20.5).

When a canceling factor interrupt is generated immediately before the execution of a SLI
instruction, exception handling for the interrupt starts. When execution returns from the e
service routine, the SLEEP instruction is executed to enter the power-down state. In this
power-down state is not canceled until the next canceling factor interrupt is generated (se
20.6).

When the SLPIE bit is set to 1 in the service routine for a canceling factor interrupt so th:
execution of a SLEEP instruction will produce sleep instruction exception handling, the
of the system is as shown in figure 20.7. Even if a canceling factor interrupt is generated
immediately before the SLEEP instruction is executed, sleep instruction exception handli
initiated by execution of the SLEEP instruction. Therefore, the CPU executes the instruct
follows the SLEEP instruction after sleep instruction exception and exception service rou
without shifting to the power-down state.

When the SLPIE bit is set to 1 to start sleep exception handling, clear the SSBY bit in SB
to 0.
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RTE instruction executed

\

Instruction after SLEEP instruction

Figure20.5 When Canceling Factor Interrupt is Generated
after SLEEP Instruction Execution

SLPIE=0

Instruction before SLEEP instruction

Canceling factor interrupt

No

Yes Transition by exceptic

I

Interrupt hanc

RTE instruction executed

Yy

SLEEP instruction executed (SLPIE = 0)

Return from the power-
down state after the next
canceling factor interrupt
is generated

Transition by exceptic

\

Interrupt hanc

RTE instruction executed

!

Instruction after SLEEP instruction

Figure20.6 When Canceling Factor Interrupt is Generated before
SLEEP Instruction Execution (Sleep I nstruction Exception Handling Not I nit
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. . rallsituorn Dy cxcepuor nalidaing
Sleep instruction
exceotion handling
Vector Number 18

Exception servise routine

RTE instruction executed |

!

Instruction after SLEEP instruction

Figure20.7 When Canceling Factor Interrupt is Generated before
SLEEP Instruction Execution (Sleep Instruction Exception Handling Initiate
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Table20.3 B¢ Pin (PA7) Statein Each Processing State

All- Software Standby
Register Setting Value Normal Module- Mode
Operating Sleep Clock-
DDR PSTOP1 POSEL1  State Mode Stop Mode OPE=0 OPE=1
0 X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
1 0 0 B¢ output B¢ output B¢ output  High High
1 0 1 Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited
1 1 X High High High High High
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20.11.3 Module Stop of DMAC or DTC

Depending on the operating state of the DMAC and DTC, bits MSTPA13 and MSTPA12
be set to 1, respectively. The module stop state setting for the DMAC or DTC should be «
out only when the DMAC or DTC is not activated.

For details, refer to section 7, DMA Controller (DMAC), and section 8, Data Transfer Cc
(DTC).

20.11.4 On-Chip Peripheral Module I nterrupts

Relevant interrupt operations cannot be performed in module stop mode. Consequently, i
module stop state is entered when an interrupt has been requested, it will not be possible |
the CPU interrupt source or the DMAC /DTC activation source. Interrupts should therefo
disabled before entering the module stop state.

20.11.5 Writingto MSTPCRA, MSTPCRB, and MSTPCRC

MSTPCRA, MSTPCRB, and MSTPCRC should only be written to by the CPU.
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clock. For details, refer to section 6.5.4, External Bus Interface.

Among the internal I/O register area, addresses not listed in the list of registers are u
or reserved addresses. Undefined and reserved addresses cannot be accessed. Do not
these addresses; otherwise, the operation when accessing these bits and subsequent «
cannot be guaranteed.

Register bits
Bit configurations of the registers are listed in the same order as the register address:
Reserved bits are indicated by — in the bit name column.

Space in the bit name field indicates that the entire register is allocated to either the «
data.

For the registers of 16 or 32 bits, the MSB is listed first.

Byte configuration description order is subject to big endian.

Register states in each operating mode

Register states are listed in the same order as the register addresses.

For the initialized state of each bit, refer to the register description in the correspond
section.

The register states shown here are for the basic operating modes. If there is a specifi
an on-chip peripheral module, refer to the section on that on-chip peripheral module
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Port D data direction register PDDDR 8 H'FFB8C 1/0 ports 8 2P
Port E data direction register PEDDR 8 H'FFB8D 1/0 ports 8 2P
Port F data direction register PFDDR 8 H'FFBSE 1/0 ports 8 2P
Port 1 input buffer control register P1ICR 8 H'FFB90 1/0 ports 8 2P
Port 2 input buffer control register P2ICR 8 H'FFB91 1/0 ports 8 2P
Port 3 input buffer control register  P3ICR 8 H'FFB92 1/0 ports 8 2P
Port 5 input buffer control register  P5ICR 8 H'FFB94 1/0 ports 8 2P
Port 6 input buffer control register P6ICR 8 H'FFB95 1/0 ports 8 2P
Port A input buffer control register PAICR 8 H'FFB99 1/0 ports 8 2P
Port B input buffer control register PBICR 8 H'FFB9A 1/0 ports 8 2P
Port D input buffer control register PDICR 8 H'FFB9C 1/0 ports 8 2P
Port E input buffer control register PEICR 8 H'FFB9D 1/0 ports 8 2P
Port F input buffer control register PFICR 8 H'FFB9E 1/0 ports 8 2P
Port H register PORTH 8 H'FFBAOQ 1/O ports 8 2P
Port | register PORTI 8 H'FFBA1 1/0 ports 8 2P
Port H data register PHDR 8 H'FFBA4 1/0 ports 8 2P
Port | data register PIDR 8 H'FFBAS5 1/0 ports 8 2P
Port H data direction register PHDDR 8 H'FFBA8 1/0 ports 8 2P
Port | data direction register PIDDR 8 H'FFBA9 1/0 ports 8 2P
Port H input buffer control register PHICR 8 H'FFBAC 1/0 ports 8 2P
Port | input buffer control register ~ PIICR 8 H'FFBAD 1/0 ports 8 2P
Port D pull-up MOS control register PDPCR 8 H'FFBB4 1/0 ports 8 2P
Port E pull-up MOS control register PEPCR 8 H'FFBB5 1/0 ports 8 2P
Port F pull-up MOS control register PFPCR 8 H'FFBB6 1/0 ports 8 2P
Port H pull-up MOS control register PHPCR 8 H'FFBB8 1/0 ports 8 2P
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Fort tunction control register 6 <] A'FFBl6 /Y ports 3 2i
Port function control register 7 PFCR7 8 HFFBC7 10 ports 8 2
Port function control register 9 PFCR9 8 H'FFBC9 I/0 ports 8 2|
Port function control register B PFCRB 8 HFFBCB 1/0 ports 8 2
Port function control register C PFCRC 8 HFFBCC 1/0 ports 8 2
Software standby release IRQ SSIER 16 H'FFBCE INTC 8 2
enable register

DMA source address register_0 DSAR_O 32 H'FFC00 DMAC_0 16 2
DMA destination address DDAR_O 32 H'FFC04 DMAC_0 16 2
register_0

DMA offset register_0 DOFR_0 32 H'FFC08 DMAC_0 16 2
DMA transfer count register_0 DTCR_0 32 H'FFCOC DMAC_0 16 2
DMA block size register_0 DBSR_0 32 H'FFC10 DMAC_0 16 2
DMA mode control register_0 DMDR_0 32 H'FFC14 DMAC_0 16 2
DMA address control register_0 DACR_0 32 H'FFC18 DMAC_0 16 2|
DMA source address register_1 DSAR_1 32 H'FFC20 DMAC_1 16 2
DMA destination address DDAR_1 32 H'FFC24 DMAC_1 16 2
register_1

DMA offset register_1 DOFR_1 32 H'FFC28 DMAC_1 16 2
DMA transfer count register_1 DTCR_1 32 H'FFC2C DMAC_1 16 2
DMA block size register_1 DBSR_1 32 H'FFC30 DMAC_1 16 2
DMA mode control register_1 DMDR_1 32 H'FFC34 DMAC_1 16 2|
DMA address control register_1 DACR_1 32 H'FFC38 DMAC_1 16 2
DMA source address register_2 DSAR_2 32 H'FFC40 DMAC_2 16 2|
DMA destination address DDAR_2 32 H'FFC44 DMAC_2 16 2

register_2
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DMA offset register_3 DOFR_3 32 H'FFC68 DMAC_3 16 219
DMA transfer count register_3 DTCR_3 32 H'FFC6C DMAC_3 16 219
DMA block size register_3 DBSR_3 32 H'FFC70 DMAC_3 16 219
DMA mode control register_3 DMDR_3 32 H'FFC74 DMAC_3 16 219
DMA address control register_3 DACR_3 32 H'FFC78 DMAC_3 16 2l
DMA module request select DMRSR_0 8 H'FFD20 DMAC_0 16 219
register_0

DMA module request select DMRSR_1 8 H'FFD21 DMAC_1 16 2l
register_1

DMA module request select DMRSR_2 8 H'FFD22 DMAC_2 16 2l¢
register_2

DMA module request select DMRSR_3 8 H'FFD23 DMAC_3 16 2l¢
register_3

Interrupt priority register A IPRA 16 H'FFD40 INTC 16 219
Interrupt priority register B IPRB 16 H'FFD42 INTC 16 2l
Interrupt priority register C IPRC 16 H'FFD44 INTC 16 21
Interrupt priority register E IPRE 16 H'FFD48 INTC 16 21
Interrupt priority register F IPRF 16 H'FFD4A INTC 16 2l¢
Interrupt priority register G IPRG 16 H'FFD4C INTC 16 2l¢
Interrupt priority register H IPRH 16 H'FFD4E INTC 16 2l¢
Interrupt priority register | IPRI 16 H'FFD50 INTC 16 2l¢
Interrupt priority register K IPRK 16 H'FFD54 INTC 16 21
Interrupt priority register L IPRL 16 H'FFD56 INTC 16 2l¢
IRQ sense control register H ISCRH 16 H'FFD68 INTC 16 219
IRQ sense control register L ISCRL 16 H'FFD6A INTC 16 2l
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lale control register IDLCR 10 HFFDI0 BSC 2i
Bus control register 1 BCR1 16 H'FFD92 BSC 16 2
Bus control register 2 BCR2 8 H'FFD94 BSC 16 2
Endian control register ENDIANCR 8 H'FFD95 BSC 16 2
SRAM mode control register SRAMCR 16 H'FFD98 BSC 16 2
Burst ROM interface control BROMCR 16 H'FFD9A BSC 16 2
register

Address/data multiplexed 1/0 MPXCR 16 H'FFD9C BSC 16 2|
control register

RAM emulation register RAMER 8 H'FFD9E BSC 16 2
Mode control register MDCR 16 H'FFDCO SYSTEM 16 2
System control register SYSCR 16 H'FFDC2 SYSTEM 16 2
System clock control register SCKCR 16 H'FFDC4 SYSTEM 16 2
Standby control register SBYCR 16 H'FFDC6 SYSTEM 16 2
Module stop control register A MSTPCRA 16 H'FFDC8 SYSTEM 16 2
Module stop control register B MSTPCRB 16 H'FFDCA SYSTEM 16 2
Module stop control register C MSTPCRC 16 H'FFDCC SYSTEM 16 2
Serial extended mode register 2 ~ SEMR_2 8 H'FFE84 SCI_2 8 2
Serial mode register_4 SMR_4 8 H'FFE90 SCI_4 8 2
Bit rate register_4 BRR_4 8 H'FFE91 SCl_4 8 2|
Serial control register_4 SCR_4 8 H'FFE92 SCI_4 8 2
Transmit data register_4 TDR_4 8 H'FFE93 SCI_4 8 2
Serial status register_4 SSR_4 8 H'FFE94 SCI_4 8 2
Receive data register_4 RDR_4 8 H'FFE95 SCl_4 8 2
Smart card mode register_4 SCMR_4 8 H'FFE96 SCI_4 8 2
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Timer control register_3 TCR_3 8 H'FFEC1 TMR_3 16 2P
Timer control/status register_2 TCSR_2 8 H'FFEC2 TMR_2 16 2P
Timer control/status register_3 TCSR_3 8 H'FFEC3 TMR_3 16 2P
Time constant register A_2 TCORA_2 8 H'FFEC4 TMR_2 16 2P
Time constant register A_3 TCORA_3 8 H'FFEC5 TMR_3 16 2P
Time constant register B_2 TCORB_2 8 H'FFEC6 TMR_2 16 2P
Time constant register B_3 TCORB_3 8 H'FFEC7 TMR_3 16 2P
Timer counter_2 TCNT_2 8 H'FFECS8 TMR_2 16 2P
Timer counter_3 TCNT_3 8 H'FFEC9 TMR_3 16 2P
Timer counter control register_2 TCCR_2 8 H'FFECA TMR_2 16 2P
Timer counter control register_3 TCCR_3 8 H'FFECB TMR_3 16 2P
Timer control register_4 TCR_4 8 H'FFEEO TPU_4 16 2P
Timer mode register_4 TMDR_4 8 H'FFEE1 TPU_4 16 2P
Timer I/O control register_4 TIOR_4 8 H'FFEE2 TPU_4 16 2P
Timer interrupt enable register_4  TIER_4 8 H'FFEE4 TPU_4 16 2P
Timer status register_4 TSR_4 8 H'FFEE5 TPU_4 16 2P
Timer counter_4 TCNT_4 16 H'FFEE6 TPU_4 16 2P
Timer general register A_4 TGRA_4 16 H'FFEE8 TPU_4 16 2P
Timer general register B_4 TGRB_4 16 H'FFEEA TPU_4 16 2P
Timer control register_5 TCR_5 8 H'FFEFO TPU_5 16 2P
Timer mode register_5 TMDR_5 8 H'FFEFA1 TPU_5 16 2P
Timer I/O control register_5 TIOR_5 8 H'FFEF2 TPU_5 16 2P
Timer interrupt enable register 5  TIER_5 8 H'FFEF4 TPU_5 16 2P
Timer status register_5 TSR_5 8 H'FFEF5 TPU_5 16 2P
Timer counter_5 TCNT_5 16 H'FFEF6 TPU_5 16 2P
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[ee

D1GC control register ArFFsO INTC 16 2]

[eo)

Interrupt control register INTCR H'FFF32 INTC 16 2

CPU priority control register CPUPCR H'FFF33 INTC 16 2

[eo)

IRQ enable register IER H'FFF34 INTC 16 2

—
o

—_
[}

IRQ status register ISR H'FFF36 INTC 16 2

Port 1 register PORT1 H'FFF40 1/0 ports

Port 2 register PORT2 H'FFF41 110 ports

Port 3 register PORT3 H'FFF42 1/0 ports

Port 5 register PORT5 H'FFF44 1/0 ports

Port 6 register PORT6 H'FFF45 I/0 ports

Port A register PORTA H'FFF49 1/0 ports

Port B register PORTB H'FFF4A 10 ports

Port D register PORTD H'FFF4C 1/0 ports

Port E register PORTE H'FFF4D 10 ports

Port F register PORTF H'FFF4E I/0 ports

Port 1 data register P1DR H'FFF50 1/O ports

Port 2 data register P2DR H'FFF51 I/0 ports

Port 3 data register P3DR H'FFF52 1/0 ports

Port 6 data register P6DR H'FFF55 10 ports

Port A data register PADR H'FFF59 I/0 ports

Port B data register PBDR H'FFF5A 1/O ports

Port D data register PDDR H'FFF5C I/0 ports

Port E data register PEDR H'FFF5D 1/O ports

Port F data register PFDR H'FFF5E 10 ports

Serial mode register_2 SMR_2 H'FFF60 SCI_2

0 | 0 |00 | [ [ [0 |0 |0 |0C]|O]|OWW]| W] OO/ O/ | 0]/ | 0] 0] 0] o, o
0 | 0O |00 |0 |0 [ [0 |0 |0 |0 |0 |0]|OW] [ O] O] N/ | o]/ | o,/ | ]| o,|o
\*}

Bit rate register_2 BRR_2 H'FFF61 SCI_2
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D/A control register 01 DACRO1 o) H'FFFOA D/A ] 2P
PPG output control register PCR 8 H'FFF76 PPG 8 2P
PPG output mode register PMR 8 H'FFF77 PPG 8 2P
Next data enable register H NDERH 8 H'FFF78 PPG 8 2P
Next data enable register L NDERL 8 H'FFF79 PPG 8 2P
Output data register H PODRH 8 H'FFF7A PPG 8 2P
Output data register L PODRL 8 H'FFF7B PPG 8 2P
Next data register H* NDRH 8 H'FFF7C PPG 8 2P
Next data register L* NDRL 8 H'FFF7D PPG 8 2P
Next data register H* NDRH 8 H'FFF7E PPG 8 2P
Next data register L* NDRL 8 H'FFF7F PPG 8 2P
Serial mode register_0 SMR_0 8 H'FFF80 SCI_0 8 2P
Bit rate register_0 BRR_0 8 H'FFF81 SCI_0 8 2P
Serial control register_0 SCR_0 8 H'FFF82 SCI_0 8 2P
Transmit data register_0 TDR_O 8 H'FFF83 SCI_0 8 2P
Serial status register_0 SSR_0 8 H'FFF84 SCI_0 8 2P
Receive data register_0 RDR_0 8 H'FFF85 SCI_0 8 2P
Smart card mode register_0 SCMR_0 8 H'FFF86 SCI_0 8 2P
Serial mode register_1 SMR_1 8 H'FFF88 SCI_1 8 2P
Bit rate register_1 BRR_1 8 H'FFF89 SCI_1 8 2P
Serial control register_1 SCR_1 8 H'FFF8A SCI_1 8 2P
Transmit data register_1 TDR_1 8 H'FFF8B SCI_1 8 2P
Serial status register_1 SSR_1 8 H'FFF8C SCI_1 8 2P
Receive data register_1 RDR_1 8 H'FFF8D SCI_1 8 2P
Smart card mode register_1 SCMR_1 8 H'FFF8E SCI_1 8 2P
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A/D aata register 0 AFFFIE A/D 10 2i

A/D control/status register ADCSR H'FFFAO A/D 16 2

A/D control register ADCR H'FFFA1 A/D 16 2

Timer control/status register TCSR H'FFFA4 WDT 2

Timer counter TCNT H'FFFA5 WDT 2|

Reset control/status register RSTCSR H'FFFA7 WDT 2

Timer control register_0 TCR_O H'FFFBO TMR_O 16 2|

Timer control register_1 TCR_1 H'FFFB1 TMR_1 16 2|

Timer control/status register_0 TCSR_0 H'FFFB2 TMR_0 16 2

Timer control/status register_1 TCSR_1 H'FFFB3 TMR_1 16 2

Time constant register A_0 TCORA_O H'FFFB4 TMR_0 16 2

Time constant register A_1 TCORA_1 H'FFFB5 TMR_A1 16 2

Time constant register B_0 TCORB_0 H'FFFB6 TMR_0 16 2

Time constant register B_1 TCORB_1 H'FFFB7 TMR_1 16 2

Timer counter_0 TCNT_O H'FFFB8 TMR_0 16 2

Timer counter_1 TCNT_A1 H'FFFB9 TMR_1 16 2

Timer counter control register_0 TCCR_O H'FFFBA TMR_O0 16 2|

Timer counter control register_1 TCCR_1 H'FFFBB TMR_1 16 2|

Timer start register TSTR H'FFFBC TPU 16 2

Timer synchronous register TSYR H'FFFBD TPU 16 2

Timer control register_0 TCR_O H'FFFCO TPU_O 16 2

Timer mode register_0 TMDR_0 H'FFFC1 TPU_O 16 2

Timer 1/O control register H_0 TIORH_O H'FFFC2 TPU_O 16 2

0 | 0 |00 [0 [ [0 |0 |0 |0 |0 |0/ |OW] W] N/ O/ | ] | 0] |0,/ | ]| 0] |, | o, | o

Timer 1/O control register L_0 TIORL_O H'FFFC3 TPU_O 16 2
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limer control register_1 1TCR_1 ] HrFFFDO 1PU_1 16 2P
Timer mode register_1 TMDR_1 8 H'FFFD1 TPU_1 16 2P
Timer 1/O control register_1 TIOR_1 8 H'FFFD2 TPU_1 16 2P
Timer interrupt enable register_1  TIER_1 8 H'FFFD4 TPU_1 16 2P
Timer status register_1 TSR_1 8 H'FFFD5 TPU_A1 16 2P
Timer counter_1 TCNT_1 16 H'FFFD6 TPU_1 16 2P
Timer general register A_1 TGRA_1 16 H'FFFD8 TPU_1 16 2P
Timer general register B_1 TGRB_1 16 H'FFFDA TPU_A1 16 2P
Timer control register_2 TCR_2 8 H'FFFEO TPU_2 16 2P
Timer mode register_2 TMDR_2 8 H'FFFE1 TPU_2 16 2P
Timer I/O control register_2 TIOR_2 8 H'FFFE2 TPU_2 16 2P
Timer interrupt enable register_2  TIER_2 8 H'FFFE4 TPU_2 16 2P
Timer status register_2 TSR_2 8 H'FFFE5 TPU_2 16 2P
Timer counter_2 TCNT_2 16 H'FFFE6 TPU_2 16 2P
Timer general register A_2 TGRA_2 16 H'FFFE8 TPU_2 16 2P
Timer general register B_2 TGRB_2 16 H'FFFEA TPU_2 16 2P
Timer control register_3 TCR_3 8 H'FFFFO TPU_3 16 2P
Timer mode register_3 TMDR_3 8 H'FFFF1 TPU_3 16 2P
Timer I/O control register H_3 TIORH_3 8 H'FFFF2 TPU_3 16 2P
Timer I/O control register L_3 TIORL_3 8 H'FFFF3 TPU_3 16 2P
Timer interrupt enable register 3  TIER_3 8 H'FFFF4 TPU_3 16 2P
Timer status register_3 TSR_3 8 H'FFFF5 TPU_3 16 2P
Timer counter_3 TCNT_3 16 H'FFFF6 TPU_3 16 2P
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U and 1 Dy the Fun seting, the NLRL address Is Arrr/u. vwnen aiierernt ou
triggers are specified, the NDRL addresses for pulse output groups 0 and 1 ar
and H'FFF7D, respectively.

Rev. 2.00 Jun. 28, 2007 Pag
RENESAS REJOC



P6DDR — — P65DDR P64DDR  P63DDR P62DDR P61DDR P60DDR
PADDR PA7DDR PA6DDR PA5DDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR
PBDDR — — — — PB3DDR PB2DDR PB1DDR PBODDR
PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR
PEDDR PE7DDR PE6DDR PE5DDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR
PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR
P1ICR P17ICR P16ICR P15ICR P14ICR P13ICR P12ICR P11ICR P10ICR
P2ICR P27ICR P26ICR P25ICR P24ICR P23ICR P22ICR P21ICR P20ICR
P3ICR P37ICR P36ICR P35ICR P34ICR P33ICR P32ICR P31ICR P30ICR
P5ICR P57ICR P56ICR P55ICR P54ICR P53ICR P52ICR P51ICR P50ICR
P6ICR — — P65ICR P64ICR P63ICR P62ICR P61ICR P60ICR
PAICR PA7ICR PAGICR PA5ICR PA4ICR PASICR PA2ICR PA1ICR PAOICR
PBICR — — — — PB3ICR PB2ICR PB1ICR PBOICR
PDICR PD7ICR PD6ICR PD5ICR PD4ICR PD3ICR PD2ICR PD1ICR PDOICR
PEICR PE7ICR PEGICR PE5SICR PE4ICR PES3ICR PE2ICR PE1ICR PEOICR
PFICR PF7ICR PF6ICR PF5ICR PF4ICR PF3ICR PF2ICR PF1ICR PFOICR
PORTH PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
PORTI P17 Pl6 P15 Pl4 PI3 P12 P PIO
PHDR PH7DR PHG6DR PH5DR PH4DR PH3DR PH2DR PH1DR PHODR
PIDR PI7DR PI6DR PI5DR PI4DR PI3DR PI2DR PIHDR PIODR
PHDDR PH7DDR PH6DDR PH5DDR PH4DDR PH3DDR PH2DDR PH1DDR PHODDR
PIDDR PI7DDR PI6DDR PI5DDR PI4DDR PI3DDR PI2DDR PIHDDR PIODDR
PHICR PH7ICR PHGICR PH5ICR PH4ICR PHSICR PH2ICR PH1ICR PHOICR
PIICR PI7ICR PIGICR PI5ICR PI4ICR PI3ICR PI2ICR PHICR PIOICR
PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR
PEPCR PE7PCR PE6PCR PEG6PCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR
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PFCR6 — LHWROE — — TCLKS — — —
PFCR7 DMAS3A DMAS3B DMAS2A DMAS2B DMAS1A DMAS1B DMASOA DMASOE
PFCR9 TPUMS5 TPUMS4 TPUMS3A TPUMS3B TPUMS2 TPUMS1 TPUMSOA TPUMS(
PFCRB — — — — ITS11 ITS10 ITS9 ITS8
PFCRC ITS7 ITS6 ITS5 ITS4 ITS3 ITS2 ITS1 ITSO
SSIER — — — — SSIt1 SSI10 SSI9 SSI8
SSI7 SSI6 SSI5 SSl4 SSI3 SSI2 SSi SSI0
DSAR_O
DDAR_0
DOFR_0
DTCR_O
DBSR_0 BKSZH31 BKSZH30 BKSZH29 BKSZH28 BKSZH27 BKSZH26 BKSZH25 BKSZH:
BKSZH23 BKSZH22 BKSZH21 BKSZH20 BKSZH19 BKSZH18 BKSZH17 BKSZH1
BKSZH15 BKSZH14 BKSZH13 BKSZH12 BKSZH11 BKSZH10 BKSZH9 BKSZHE
BKSZH7 BKSZH6 BKSZH5 BKSZH4 BKSZH3 BKSZH2 BKSZH1 BKSZHC
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DDAR_1

DOFR_1

DTCR_1

DBSR_1 BKSZH31 BKSZH30 BKSZH29 BKSZH28 BKSZH27 BKSZH26 BKSZH25 BKSZH24
BKSZH23 BKSZH22 BKSZH21 BKSZH20 BKSZH19 BKSZH18 BKSZH17 BKSZH16
BKSZH15 BKSZH14 BKSZH13 BKSZH12 BKSZH11 BKSZH10 BKSZH9 BKSZH8
BKSZH7 BKSZH6 BKSZH5 BKSZH4 BKSZH3 BKSZH2 BKSZH1 BKSZHO

DMDR_1 DTE DACKE TENDE — DREQS NRD — —
ACT — — — ERRF — ESIF DTIF
DTSz1 DTSZ0 MDS1 MDSO0 TSEIE — ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO

DACR_1 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DAT1 DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAQ
DARIE — — DARA4 DARA3 DARA2 DARA1 DARAO
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DTCR_2

DBSR_2 BKSZH31 BKSZH30 BKSZH29 BKSZH28 BKSZH27 BKSZH26 BKSZH25 BKSZH:
BKSZH23 BKSZH22 BKSZH21 BKSZH20 BKSZH19 BKSZH18 BKSZH17 BKSZH1
BKSZH15 BKSZH14 BKSZH13 BKSZH12 BKSZH11 BKSZH10 BKSZH9 BKSZHE
BKSZH7 BKSZH6 BKSZH5 BKSZH4 BKSZH3 BKSZH2 BKSZH1 BKSZHC

DMDR_2 DTE DACKE TENDE — DREQS NRD — —
ACT — — — ERRF — ESIF DTIF
DTSz1 DTSZ0 MDS1 MDSO0 TSEIE — ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO

DACR_2 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DAT1 DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAQ
DARIE — — DARA4 DARA3 DARA2 DARA1 DARAO

DSAR_3

DDAR_3

RENESAS
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BKSZH23 BKSZH22 BKSZH21 BKSZH20 BKSZH19 BKSZH18 BKSZH17 BKSZH16
BKSZH15 BKSZH14 BKSZH13 BKSZH12 BKSZH11 BKSZH10 BKSZH9 BKSZH8
BKSZH7 BKSZH6 BKSZH5 BKSZH4 BKSZH3 BKSZH2 BKSZH1 BKSZHO

DMDR_3 DTE DACKE TENDE — DREQS NRD — —
ACT — — — ERRF — ESIF DTIF
DTSz1 DTSZ0 MDS1 MDSO0 TSEIE — ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO

DACR_3 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DAT1 DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAQ
DARIE — — DARA4 DARA3 DARA2 DARA1 DARAO

DMRSR_0

DMRSR_1

DMRSR_2

DMRSR_3

IPRA — IPRA14 IPRA13 IPRA12 — IPRA10 IPRA9 IPRA8
— IPRA6 IPRA5S IPRA4 — IPRA2 IPRA1 IPRAO

IPRB — IPRB14 IPRB13 IPRB12 — IPRB10 IPRB9 IPRB8
— IPRB6 IPRB5 IPRB4 — IPRB2 IPRB1 IPRBO

IPRC — IPRC14 IPRC13 IPRC12 — IPRC10 IPRC9 IPRC8
— IPRC6 IPRC5 IPRC4 — IPRC2 IPRC1 IPRCO

IPRE — — — — — IPRE10 IPRE9 IPRE8

IPRF — — — — — IPRF10 IPRF9 IPRF8
— IPRF6 IPRF5 IPRF4 — IPRF2 IPRF1 IPRFO
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— IPRL6 IPRL5 IPRL4 — — — —

ISCRH — - — - — — - —
IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQISF  IRQ8SR  IRQSSF

ISCRL IRQ7SR IRQ7SF  IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR  IRQ4SF
IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF

DTCVBR
ABWCR ABWH7  ABWH6 ABWH5 ABWH4  ABWH3 ABWH2  ABWH1 ABWHO
ABWL7 ABWL6 ABWL5 ABWL4 ABWL3 ABWL2 ABWL1 ABWLO
ASTCR AST7 AST6 AST5 AST4 AST3 AST2 ASTA ASTO
WTCRA — W72 W71 W70 — W62 W61 W60
— W52 W51 W50 — W42 W41 W40
WTCRB — W32 W31 W30 — w22 w21 W20
— W12 W11 W10 — Wo02 Wo1 W00
RDNCR RDN7 RDN6 RDN5 RDN4 RDN3 RDN2 RDN1 RDNO
CSACR CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1 CSXHO
CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXT1 CSXTO0
IDLCR IDLS3 IDLS2 IDLS1 IDLSO IDLCB1 IDLCBO IDLCA1 IDLCAO
IDLSEL7 IDLSEL6 IDLSEL5 IDLSEL4 |IDLSEL3 IDLSEL2 |IDLSEL1 IDLSELC(
BCR1 BRLE BREQOE — — — — WDBE WAITE
DKC — — — — — — —
BCR2 — — — IBCCS — — — PWDBE
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SYSCR — — MACS  — FETCHMD — EXPE RAME
— — — — — — DTCMD —
SCKCR PSTOP1 — - - - ICK2 ICK1 ICKO
— PCK2 PCK1 PCKO — BCK2 BCK1 BCKO
SBYCR SSBY OPE — STS4 STS3 STS2 STST STSO
SLPIE  — — — — — — —
MSTPCRA ACSE MSTPA14 MSTPA13 MSTPA12 MSTPA11 MSTPA10 MSTPA9 MSTPAS
MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPA1  MSTPAO
MSTPCRB MSTPB15 MSTPB14 MSTPB13 MSTPB12 MSTPB11 MSTPB10 MSTPB9 MSTPBS
MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1 MSTPBO
MSTPCRC MSTPC15 MSTPC14 MSTPC13 MSTPC12 MSTPCi1 MSTPC10 MSTPC9 MSTPCS
MSTPC7 MSTPC5 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPCO
SEMR_2 — — — — ABCS ACS2 ACST ACS0
SMR_4+ C/A(GM) CHR (BLK) PE (PE)  O/E (O/E) STOP MP CKS1 CKS0
(BCP1)  (BCPO)
BRR_4
SCR_4* TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_4
SSR_4* TDRE RDRF ORER  FER (ERS) PER TEND MPB MPBT
RDR_4
SCMR_4 — — — — SDIR SINV — SMIF
FCCS — — — FLER — — - Sco
FPCS — — — — — — — PPVS
FECS — — — — — — — EPVB
FKEY K7 K6 K5 K4 K3 K2 K1 KO
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Tvyunb_<

TCORB_3

TCNT_2

TCNT_3

TCCR_2 — — — — TMRIS — ICKS1 ICKS0
TCCR_3 — — — — TMRIS — ICKS1 ICKS0
TCR_4 — CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_4 — — — — MD3 MD2 MD1 MDO
TIOR_4 10B3 10B2 10B1 10B0 I0A3 10A2 10A1 I0A0
TIER_4 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_4 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_4

TGRA_4

TGRB_4

TCR_5 — CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_5 — — — — MD3 MD2 MD1 MDO
TIOR_5 10B3 10B2 10B1 10B0 I0A3 10A2 10A1 I0A0
TIER_5 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_5 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_5

TGRA_5

TGRB_5
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DTCCR — — — RRS RCHNE — — ERR
INTCR — — INTMA1 INTMO NMIEG — — —
CPUPCR CPUPCE DTCP2 DTCP1 DTCPO IPSETE CPUP2 CPUP1 CPUPO
IER — — — — IRQ11E IRQ10E IRQ9E IRQ8E
IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
ISR — — — — IRQ11F IRQ10F IRQ9F IRQ8F
IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
PORT1 P17 P16 P15 P14 P13 P12 P11 P10
PORT2 P27 P26 P25 P24 P23 P22 P21 P20
PORT3 P37 P36 P35 P34 P33 P32 P31 P30
PORT5 P57 P56 P55 P54 P53 P52 P51 P50
PORT6 — — P65 P64 P63 P62 P61 P60
PORTA PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
PORTB — — — — PB3 PB2 PB1 PBO
PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
PORTE PE7 PEG6 PE5 PE4 PE3 PE2 PE1 PEO
PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR
P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR
P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR
P6DR — — P65DR P64DR P63DR P62DR P61DR P60DR
PADR PA7DR PAG6DR PA5DR PA4DR PA3DR PA2DR PA1DR PAODR
PBDR — — — — PB3DR PB2DR PB1DR PAODR
PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PD1DR PDODR
PEDR PE7DR PEGDR PE5SDR PE4DR PE3DR PE2DR PE1DR PEODR
PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR
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DADR1

DACRO1 DAOE1 DAOEO DAE — — — — —

PCR G3CMS1 G3CMSO G2CMS1  G2CMSO G1CMS1  GI1CMS0O GOCMS1  GOCMS!

PMR G3INV G2INV G1INV GOINV G3NOV G2NOV G1NOV GONOV

NDERH NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8

NDERL NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO

PODRH POD15 POD14 POD13 POD12 POD11 POD10 POD9 POD8

PODRL POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO

NDRH3** NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8

NDRL** NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO

NDRH** — — — — NDR11 NDR10 NDR9 NDR8

NDRL** — — — — NDR3 NDR2 NDR1 NDRO

SMR_0*' C/A(GM) CHR (BLK) PE (PE) O/E (O/E) STOP (BCP1' MP (BCP0O) CKS1 CKS0

BRR_0

SCR_0*' TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_0O

SSR_0*' TDRE RDRF ORER FER (ERS) PER TEND MPB MPBT

RDR_0

SCMR_0 — — — — SDIR SINV — SMIF

SMR_1#' C/A(GM) CHR (BLK) PE (PE) O/E (O/E) STOP MP CKS1 CKS0
(BCP1)  (BCPO)

BRR_1

SCR_1*' TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_1

SSR_1# TDRE RDRF ORER FER (ERS) PER TEND MPB MPBT

RDR_1

SCMR_1 — — — — SDIR SINV — SMIF
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ADDRF

ADDRG

ADDRH

ADCSR ADF ADIE ADST — CH3 CH2 CH1 CHO
ADCR TRGS1 TRGSO0 SCANE SCANS CKS1 CKSO — —
TCSR OVF WT/AT TME — — CKS2 CKS1 CKSO0
TCNT

RSTCSR WOVF RSTE — — — — — —
TCR_O CMIEB CMIEA QOVIE CCLR1 CCLRO CKS2 CKS1 CKSO0
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0
TCSR_0 CMFB CMFA OVF ADTE 0S3 0Ss2 0OS1 0So
TCSR_1 CMFB CMFA OVF — 0S3 082 0OSH1 0Sso
TCORA_O

TCORA_1

TCORB_0

TCORB_1

TCNT_O

TCNT_1

TCCR_O0 — — — — TMRIS — ICKSH1 ICKSO
TCCR_1 — — — — TMRIS — ICKSH1 ICKSO
TSTR — — CST5 CST4 CST3 CST2 CST1 CSTO
TSYR — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO
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TGRB_0

TGRC_0

TGRD_0

TCR_1 — CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_1 — — — — MD3 MD2 MD1 MDO
TIOR_1 10B3 10B2 10B1 10BO I0A3 I0A2 10A1 I0A0
TIER_1 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_1 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_1

TGRA_1

TGRB_1

TCR_2 — CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_2 — — — — MD3 MD2 MD1 MDO
TIOR_2 10B3 10B2 10B1 10BO I0A3 I0A2 10A1 I0A0
TIER_2 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_2 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_2

RENESAS
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TSR_3 — — — TCFV TGFD TGFC TGFB TGFA

TGRB_3

TGRC_3

TGRD_3

Notes: 1. Parts of the bit functions differ in normal mode and the smart card interface.

2. When the same output trigger is specified for pulse output groups 2 and 3 by t
setting, the NDRH address is H'FFF7C. When different output triggers are spe
NDRH addresses for pulse output groups 2 and 3 are H'FFF7E and H'FFF7C,
respectively. Similarly, When the same output trigger is specified for pulse out,
groups 0 and 1 by the PCR setting, the NDRL address is H'FFF7D. When diffe
output triggers are specified, the NDRL addresses for pulse output groups 0 al
H'FFF7F and H'FFF7D, respectively.
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pEETRERAIIE T A

prITRIAAIE=T A

PEDDR

Initialized — — — Initialized
PFDDR Initialized — — — Initialized
P1ICR Initialized — — — Initialized
P2ICR Initialized — — — Initialized
P3ICR Initialized — — — Initialized
P5ICR Initialized — — — Initialized
P6ICR Initialized — — — Initialized
PAICR Initialized — — — Initialized
PBICR Initialized — — — Initialized
PDICR Initialized — — — Initialized
PEICR Initialized — — — Initialized
PFICR Initialized — — — Initialized
PORTH — — — — —
PORTI — — — — —
PHDR Initialized — — — Initialized
PIDR Initialized — — — Initialized
PHDDR Initialized — — — Initialized
PIDDR Initialized — — — Initialized
PHICR Initialized — — — Initialized
PIICR Initialized — — — Initialized
PDPCR Initialized — — — Initialized
PEPCR Initialized — — — Initialized
PFPCR Initialized — — — Initialized
PHPCR Initialized — — — Initialized
PIPCR Initialized — — — Initialized

RENESAS
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PFCR9

Initialized

Initialized

PFCRB

Initialized

Initialized

PFCRC

Initialized

Initialized

SSIER

Initialized

Initialized

DSAR_O

Initialized

Initialized

DDAR_O

Initialized

Initialized

DOFR_0

Initialized

Initialized

DTCR_O

Initialized

Initialized

DBSR_0

Initialized

Initialized

DMDR_0

Initialized

Initialized

DACR_0

Initialized

Initialized

DSAR_1

Initialized

Initialized

DDAR_1

Initialized

Initialized

DOFR_1

Initialized

Initialized

DTCR_1

Initialized

Initialized

DBSR_1

Initialized

Initialized

DMDR_1

Initialized

Initialized

DACR_1

Initialized

Initialized

DSAR_2

Initialized

Initialized

DDAR_2

Initialized

Initialized

DOFR_2

Initialized

Initialized

DTCR_2

Initialized

Initialized

DBSR_2

Initialized

Initialized

DMDR_2

Initialized

Initialized

DACR_2

Initialized

Initialized
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DMRSR_1 Initialized — — — — Initialized [

DMRSR_2 Initialized — — — — Initialized [
DMRSR_3 Initialized — — — — Initialized [
IPRA Initialized — — — — Initialized |
IPRB Initialized — — — — Initialized
IPRC Initialized — — — — Initialized
IPRE Initialized — — — — Initialized
IPRF Initialized  — — — — Initialized
IPRG Initialized — — — — Initialized
IPRH Initialized — — — — Initialized
IPRI Initialized — — — — Initialized
IPRK Initialized — — — — Initialized
IPRL Initialized  — — — — Initialized
ISCRH Initialized — — — — Initialized
ISCRL Initialized — — — — Initialized
DTCVBR Initialized — — — — Initialized I
ABWCR Initialized — — — — Initialized
ASTCR Initialized — — — — Initialized
WTCRA Initialized — — — — Initialized
WTCRB Initialized — — — — Initialized
RDNCR Initialized — — — — Initialized
CSACR Initialized — — — — Initialized
IDLCR Initialized — — — — Initialized
BCR1 Initialized — — — — Initialized
BCR2 Initialized  — — — — Initialized
ENDIANCR Initialized — — — — Initialized
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MSTPCRA Initialized — — — Initialized
MSTPCRB Initialized — — — Initialized
MSTPCRC Initialized — — — Initialized
SEMR_2 Initialized — — — Initialized  S(
SMR_4 Initialized — — — Initialized  S(
BRR_4 Initialized — — — Initialized
SCR_4 Initialized — — — Initialized
TDR_4 Initialized Initialized Initialized Initialized Initialized
SSR_4 Initialized Initialized Initialized Initialized Initialized
RDR_4 Initialized Initialized Initialized Initialized Initialized
SCMR_4 Initialized — — — Initialized
FCCS Initialized — — — Initialized  Fl
FPCS Initialized — — — Initialized
FECS Initialized — — — Initialized
FKEY Initialized — — — Initialized
FMATS Initialized — — — Initialized
FTDAR Initialized — — — Initialized
TCR_2 Initialized — — — Initialized T
TCR_3 Initialized — — — Initialized TN
TCSR_2 Initialized — — — Initialized TN
TCSR_3 Initialized — — — Initialized TN
TCORA_2 Initialized — — — Initialized TN
TCORA_3 Initialized — — — Initialized TN
TCORB_2 Initialized — — — Initialized TN
TCORB_3 Initialized — — — Initialized TN
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TSR_4 Initialized — — — Initialized
TCNT_4 Initialized — — — Initialized
TGRA_4 Initialized — — — Initialized
TGRB_4 Initialized — — — Initialized
TCR_5 Initialized — — — Initialized T
TMDR_5 Initialized — — — Initialized
TIOR_5 Initialized — — — Initialized
TIER_5 Initialized — — — Initialized
TSR_5 Initialized — — — Initialized
TCNT_5 Initialized — — — Initialized
TGRA_5 Initialized — — — Initialized
TGRB_5 Initialized — — — Initialized
DTCERA Initialized — — — Initialized |
DTCERB Initialized — — — Initialized
DTCERC Initialized — — — Initialized
DTCERD Initialized — — — Initialized
DTCERE Initialized — — — Initialized
DTCCR Initialized — — — Initialized
INTCR Initialized — — — Initialized
CPUPCR Initialized — — — Initialized
IER Initialized — — — Initialized
ISR Initialized — — — Initialized

RENESAS
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PORTE

PORTF — — — — — —
P1DR Initialized — — — — Initialized
P2DR Initialized — — — — Initialized
P3DR Initialized — — — — Initialized
P6DR Initialized — — — — Initialized
PADR Initialized — — — — Initialized
PBDR Initialized — — — — Initialized
PDDR Initialized — — — — Initialized
PEDR Initialized — — — — Initialized
PFDR Initialized — — — — Initialized
SMR_2 Initialized — — — — Initialized  S(
BRR_2 Initialized  — — — — Initialized
SCR_2 Initialized — — — — Initialized
TDR_2 Initialized Initialized — Initialized Initialized Initialized
SSR_2 Initialized Initialized — Initialized Initialized Initialized
RDR_2 Initialized Initialized — Initialized Initialized Initialized
SCMR_2 Initialized — — — — Initialized
DADRO Initialized — — — — Initialized D/
DADR1 Initialized  — — — — Initialized
DACRO1 Initialized — — — — Initialized
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SMR_0 Initialized — — — — Initialized ¢
BRR_0 Initialized — — — — Initialized
SCR_0 Initialized — — — — Initialized
TDR_O Initialized Initialized — Initialized Initialized Initialized
SSR_0 Initialized Initialized — Initialized Initialized Initialized
RDR_0 Initialized Initialized — Initialized Initialized Initialized
SCMR_0 Initialized  — — — — Initialized
SMR_1 Initialized  — — — — Initialized ¢
BRR_1 Initialized —— — — — Initialized
SCR_1 Initialized — — — — — Initialized
TDR_1 Initialized Initialized — Initialized Initialized Initialized
SSR_1 Initialized Initialized — Initialized Initialized Initialized
RDR_1 Initialized Initialized — Initialized Initialized Initialized
SCMR_1 Initialized  — — — — Initialized
ADDRA Initialized  — — — — Initialized  /
ADDRB Initialized — — — — Initialized
ADDRC Initialized — — — — Initialized
ADDRD Initialized — — — — Initialized
ADDRE Initialized — — — — Initialized
ADDRF Initialized — — — — Initialized
ADDRG Initialized — — — — Initialized
ADDRH Initialized — — — — Initialized
ADCSR Initialized — — — — Initialized
ADCR Initialized — — — — Initialized

RENESAS
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TCORA_1 Initialized — — Initialized TN
TCORB_0 Initialized — — — Initialized TN
TCORB_1 Initialized — — Initialized TN
TCNT_O Initialized — — — Initialized T
TCNT_1 Initialized — — — Initialized TN
TCCR_O Initialized — — — Initialized TN
TCCR_1 Initialized — — — Initialized TN
TSTR Initialized  — — Initialized  TF
TSYR Initialized — — — Initialized
TCR_O Initialized — — — Initialized  TF
TMDR_0 Initialized — — — Initialized
TIORH_O Initialized — — — Initialized
TIORL_O Initialized  — — Initialized
TIER_O Initialized — — — Initialized
TSR_0 Initialized  — — Initialized
TCNT_O Initialized — — — Initialized
TGRA_O Initialized — — — Initialized
TGRB_0 Initialized — — — Initialized
TGRC_0 Initialized — — — Initialized
TGRD_0 Initialized — — Initialized
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TCR_2 Initialized — — — Initialized
TMDR_2 Initialized — — — Initialized
TIOR_2 Initialized — — — Initialized
TIER_2 Initialized — — — Initialized
TSR_2 Initialized — — — Initialized
TCNT_2 Initialized — — — Initialized
TGRA_2 Initialized — — — Initialized
TGRB_2 Initialized — — — Initialized
TCR_3 Initialized — — — Initialized T
TMDR_3 Initialized — — — Initialized
TIORH_3 Initialized — — — Initialized
TIORL_3 Initialized — — — Initialized
TIER_3 Initialized — — — Initialized
TSR_3 Initialized — — — Initialized
TCNT_3 Initialized — — — Initialized
TGRA_3 Initialized — — — Initialized
TGRB_3 Initialized — — — Initialized
TGRC_3 Initialized — — — Initialized
TGRD_3 Initialized — — — Initialized

RENESAS
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Input voltage (port 5)

v, -0.3t0 AV, +0.3

Reference power supply voltage o -0.3to AV +0.3

Analog power supply voltage AV, -0.3to +4.6

Analog input voltage V. -0.3to AV +0.3

Operating temperature T oo Regular specifications:
—20 to +75%*
Wide-range specifications:
—40 to +85*

Storage temperature T -55to +125

stg

Caution: Permanent damage to the LS| may result if absolute maximum ratings are exce

Note: * The operating temperature range during programming/erasing of the flash me
0°C to +75°C for regular specifications and 0°C to +85°C for wide-range spec
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A=AV RN R LANY 1N Inpu[ pln, v VCC A U, — — v
trigger input TPU input pin, VT _ _ V_x07 V
voltage  TMR inputpin, TToyT v_x006 —  — v
port 2, port 3
Port 5+ VT AV, x 02 — — \%
VT — — AV_x07 V
VI'-VT AV_x006 —  — v
Input high  MD, RES, STBY, V,, Vix09 — V,+03 V
voltage EMLE, NMI
(oxcept  EXTAL Vox07 —  V_+03 V
trigger input Other input pins V. x07 — V,+03 V
pin) Port 5 AV, x07 — AV +03 V
Inputlow  MD, RES, STBY, V, -0.3 — Veex 0.1V
voltage EMLE
(oxcept  EXTAL, NMI 03 — V_x02 V
trigger input Other pins -0.3 — V,.x02 V
pin)
Output high Al output pins Vou Vee—=05  — — \'% low =
voltage V,-10 — — I, =
OQutput low  All output pins Vo — — 04 \Y, lo =
voltage  “port 3 — — 10 I, =
Input RES L] — — 10.0 pA V=
leakage Vee -
current
MD, STBY, — — 1.0
EMLE, NMI
Port 5 — — 1.0 =
AV .
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(off state)

Input pull-up Ports Dto F, H, I -1, 10 — 300 pA - V.
MOS 3.
current v, -
Input All input pins C, — — 15 pF V, -
capacitance f=
T, =
Current Normal operation I_.*° — 35(3.3V) 45 mA f=:
g?”sumpt'on Sleep mode — 30 (3.3V) 37
Standby mode** — 0.15 0.5 T, <
— — 3.0 50°f
All-module-clock- — 15 25
stop mode*®
Analog During A/Dand Al — 1.0(3.0V) 2.0 mA
power D/A conversion
S“pp'yt Standby for AD — 1.0 20 WA
curren and D/A
conversion
Reference During A/Dand Al — 1.5(3.0V) 3.0 mA
power D/A conversion
supply Standby for A/D — 0.4 50 uA
current and D/A
conversion
RAM standby voltage Vean 25 — — \"
Vcc start voltage*’ Veeeranr  — — 0.8 \Y
Ve rising gradient*” SV, — — 20 ms/V

Notes: 1. When the A/D and D/A converters are not used, the AV_, V_, and AV pins.
be open. Connect the AV, and V_ pins to V,, and the AV, pin to V.

ref cc?
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Conditions: V..=30V1t03.6V,AV=30Vt03.6V,V_ =30VtoAV,,
V =AV =0 V*
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min. Typ. Max.
Permissible output low  Output pins except |, — — 2.0
current (per pin) port 3
Permissible output low  Port 3 lo. — — 10
current (per pin)
Permissible output low  Total of all output Xl — — 80
current (total) pins
Permissible output high  All output pins =g, — — 2.0
current (per pin)
Permissible output high ~ Total of all output =~ — — 40
current (total) pins

Caution:  To protect the LSI's reliability, do not exceed the output current values in table

Note: * When the A/D and D/A converters are not used, the AV, V_, and AV pins s
be open. Connect the AV, and V_ pins to V,, and the AV, pin to V.

ref cc’
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77

a

RH

HvAdgUui ittt 1Vt

15V (Vec=3.0V 10 3.6 V)

Figure22.1 Output Load Circuit
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Clock cycle time te 28.0 125 ns Figure 2
Clock high pulse width te, 5 — ns
Clock low pulse width to. 5 — ns
Clock rising time t., — 5 ns
Clock falling time te, — 5 ns
Oscillation settling time after toscr 10 — ms Figure 2
reset (crystal)
Oscillation settling time after toscs 10 — ms Figure 2
leaving software standby mode
(crystal)
External clock output delay toexr 1 — ms Figure 2
settling time
External clock input low pulse T, 27.7 — ns Figure 2
width
External clock input high pulse T, 27.7 — ns
width
External clock rising time Te — ns
External clock falling time Tox — ns
tcyc
ten o o
) /L
Tt |t

Figure22.2 External BusClock Timing
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handling (power-aown modae) |~<—— %

NMIEG = 1 Oscillation
SSBY <=1 SLEEP settling time
instruction tosc2

Figure22.3 Oscillation Settling Timing after Software Standby M ode

STBY

X
m
(]

toExT

tosct

Figure22.4 Oscillation Settling Timing

texH texc

EXTAL Vee x 0.5

texr text

Figure22.5 External Input Clock Timing
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RES pulse width tow 20 — -

NMI setup time tns 150 — ns Figure 22
NMI hold time b 10 — ns

NMI pulse width (after leaving tnw 200 — ns

software standby mode)

IRQ setup time tros 150 — ns

IRQ hold time tron 10 — ns

IRQ pulse width (after leaving t 200 — ns

software standby mode)

IRQW

YA WA

M\

r

|

X
m
(2]

tress tRess
l—> <>
-
tRESW

Figure22.6 Reset Input Timing
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I(Ilé:/‘el input) 1\

Note: * SSIER must be set to cancel software standby mode.

Figure22.7 Interrupt Input Timing

2233 BusTiming

Table22.6 BusTiming (1)

Conditions: V..=30V1t03.6V,AV.=30Vt03.6V,V_ =30VtoAV,,
V,=AV,=0V,B¢=8 MHz to 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Test
Item Symbol  Min. Max. Unit  Conc
Address delay time to — 15 ns Figuri
Address setup time 1 [ 05xt, -8 — ns 22.20
Address setup time 2 e 1.0xt, -8 — ns
Address setup time 3 s 15xt, -8 — ns
Address setup time 4 e 20xt, -8 — ns
Address hold time 1 [ 05xt, -8 — ns
Address hold time 2 Yy 1.0xt, -8 — ns
Address hold time 3 ts 1.5xt, -8 — ns
CS delay time 1 teeo — 15 ns
AS delay time teo — 15 ns
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1 WAL WAL WMV VWLW LITES T

=7 Teye

Read data access time 5 s — 1.0xt,—20 ns
Read data access time 6 s — 20xt, —20 ns
Read data access time (from o — 1.0xt,—20 ns
address) 1
Read data access time (from s — 1.5xt,-20 ns
address) 2
Read data access time (from s — 20xt,—-20 ns
address) 3
Read data access time (from tone 25xt,—20 ns
address) 4
Read data access time (from [ — 3.0xt, —20 ns

address) 5
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e Ad

WR pulse width 2

tswa 1.5xt, —13 — ns
Write data delay time twoo — 20 ns
Write data setup time 1 tos: 05xt, —-13 — ns
Write data setup time 2 tuoss 1.0xt, —13 — ns
Write data setup time 3 toss 1.5xt —-13 — ns
Write data hold time 1 ton 05xt —8 — ns
Write data hold time 3 tons 15xt, -8 — ns
Byte control delay time theo — 15 ns Figur
22.14
Byte control pulse width 1 toaws — 1.0xt, —15 ns Figur
Byte control pulse width 2 toawe — 20xt —-15 ns Figur
Multiplexed address delay time 1 [V — 15 ns Figuri
Multiplexed address hold time [ 1.0xt, —-15 — ns 22.18
Multiplexed address setup time 1 tnst 05xt, —-15 — ns
Multiplexed address setup time 2 t,,, 1.5xt -15 — ns
Address hold delay time tao — 15 ns
Address hold pulse width 1 L 1.0xt, —-15 — ns
Address hold pulse width 2 Yawe 20xt —-15 — ns
WAIT setup time trs 15 — ns Figur
WAIT hold time to 5.0 — ns 2218
BREQ setup time toreas 20 — ns Figur
BACK delay time torco — 15 ns
Bus floating time tao — 30 ns
BREQO delay time troon — 15 ns Figur
BS delay time Too 1.0 15 ns Figur
RD/WR delay time Too — 15 ns 23?4
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I
tawol | JtRwo

RD/WR tast \ )
RSD
Slpsor 1
Read RD \_
t
(RDNn =1) - trps1|tRpHs
| tase
L 015000 | lew L Lo
[ RDWR T |t ,

y

tRsD2

-

<« tRsD1

Read \
RDNn =0 RD ;
(RDNn =0) AD Tace | |iRDs2| tRoHe
N tans —
D15 to DO "
- ol [BWD | Jtrwo
[ RDWR t
‘Asl » twroz twapz lnl
. LHWR, LLWR \ /
Write -/
twoo| T twswi | twoihn
D15 to DO
| |!pacoi | toacp2
(DKC = 0) DACKO to DACK3 f
tpaco2 o _lgDACD2
(DKC = 1) DACKO to DACK3 l

Figure22.8 Basic Bus Timing: 2-State Access
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B I\ /|
tawg ol 1 4tRWD
R /
_ RDMWR )
Y trsdls trsp1
>
Read RD » -
(RDNn = 1) “ tace tros1| tRoH1
N tana Tl—
D15 to DO
L tawg | Jtrwp
/
[ RDWR T Jtas N
<> trsg -~ trsp2
Read o
(RDNn = 0) RD <t v : tRDSg trome
- tans —
L. D15to DO \
AWD
_ - /
RD/WR tase tAH1
< — _twrp1 twrpz| (e £
. LHWR, LLWR
Write twost | =
oo | [T twswa | twor
D15 to DO
= || toaco1 | ltoacpz
(DKC = 0) DACKO to DACK3
—»] toacp2 »l g tDACD2

(DKC = 1) DACKO to DACK3

Figure22.9 Basic BusTiming: 3-State Access
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J|J JL JL

TT\IB\W[‘]TV

twrs [twrH twrs

twrh

RD/WR
Read _
(RDNn=1) | RD

D15 to DO

RD/WR
Read [=To}

RD
(RDNn = 0)

D15 to DO

RD/WR
Write LHWR, LLWR

D15 to DO

WAIT

Figure22.10 Basic Bus Timing: Three-State Access, One Wait
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Read
(RDNn = 1)

Read
(RDNn = 0)

Write

(DKC = 0) DACKO to DACK3

(DKC = 1) DACKO to DACK3

RD/WR

D15 to DO

RD/WR

D15 to DO

RD/WR

LHWR, LLWR

D15 to DO

tRwp _ tr
tass taHs I
< —™ trson trspy | |« >
“tacq | tRDs1| tROH
tRwp AL
{ \
- tass » trso) t _ tap M=
< —1 Rsp2, | [ >
7 [ tace tRos2| tRpH2
!
< |tRwD f—— > A
\ }
t
< ASS — | twrp2twrpz| L .
tWDD‘  [twosz twswi | _ twoHs )
tpAcD1 tr
tpacp2 tr

Figure22.11 Basic Bus Timing: 2-State Access (CS Assertion Period Exten
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BS
[ RD/WR
Read RD
(RDNn = 1)
D15 to DO
" RDAWR
Read

(RDNn=0) | RD

L_D15 to DO

[T RD/WR

LHWR, LLWR

Write

D15 to DO

(DKC = 0) DACKO to DACK3

(DKC = 1) DACKO to DACK3

tawol
t t
< A58 —- tRsp) trsD1 | | AHS >
> >
N tace | tRos tRoH1
trw
_/ tass t
| 1 - AH2
™| lRso trsp2, | | >
tacs | |tRosz| troHz
< >la>
taw —
< .
t t
< Asa > twapz| e AH3 »
>l I
twrp1
¢ _ twosa _ ~
woo | 1% e ez " e twoHs }.
tpaci
tbacn?

Figure22.12 Basic Bus Timing: 3-State Access (CS Assertion Period Extend
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‘8D tBsp
BS — '*-
| |tawp tRwp
[ ROWR N \
tast
<™ trs1 tas1
Read BRD \
oy
| tros1 | tRoH
D YV b
D15 to DO
— tacs |\e—t—
| |tuso ~|lueo
LUB, LLI \ [
tast| | tuswi | tamt|
tawp trwo
RD/WR _\ }
_ High
Write RD
twop twoH1
| D15 to DO

Figure22.13 Byte Control SRAM: 2-State Read/Write Access
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AS A I
t tasp
BSD |<¢> >
BS kJ
| [tawp) trwp| | |
[ RDWR | ] I
;AS1= trRsD1
- ¢ tRSD1 1
Read RD \
tace o
> trps1| tRoH1
- o > <>
L D15to DO
tace N —
| [tueo tusp
LUB, (LB K [
tast| | tam|
il lgP tuswz b g
trwp < > trwp
- >l -
RDWR \
Write RD High
twop twoH1
D15 to DO

Figure22.14 Byte Control SRAM: 3-State Read/Write Access
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>, t
taar | HDS2| DMz

Y

r
v L

Read | 75 —\ t_j/t
\

{
\

"
~

D15 to DO

LHWR, LLWR  High

Figure22.15 Burst ROM Access Timing: 1-State Burst Access
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< tast tart

Y

. N W
_J/
o

RD/WR
—
Read RD
D t > trps:
AA3 «>

| D15 to DO < > <

LHWR, LLWR High

Figure22.16 Burst ROM Access Timing: 2-State Burst Access
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Read

Write

RD/WR

D15 to DO

RD/WR

LHWR, LLWR

D15 to DO

BS

DKC =0

DACKS3 to DACKO

DKC =1

tmaD1

twa tman
tmap1 tros2 | tRo
>l < »l
L/ \ _j-
P twswt
J tua tmaH

I

\'\'

Figure22.17 Address/Data Multiplexed Access Timing (No Wait) (Basic, 4-State
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D — 7/ \

Read tMASZ tMAH

tMAD1 tRDSZ

| D15t0 DO )__

LHWR, LLWR A
Write —/ \ 7

tmase tman
twmaps twost

| D15to DO )_

twop  twrs|twrH twrs| twr

WAIT ] )

Figure22.18 Address/Data Multiplexed Access Timing (Wait Control)
(Address Cycle Program Wait x 1 + Data Cycle Program Wait x 1 +
Data Cycle Pin Wait x 1)
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{(
» \ (( ((
D15 to DO " / )T )T
))
AS, RD, {5
LAWR, LLWR ) / 46 46
)

Figure22.19 External BusRelease Timing

s N\ S\

_tBRoOD tBrOOD

BREQO )

{(
))

Figure22.20 External Bus Request Output Timing
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DREQ hold time toran 5 — ns

TEND delay time teo — 15 ns Figure 22
DACK delay time 1 toacor — 15 ns Figures 2
DACK delay time 2 toncos — 15 ns 22.24

o /N L W A

toras| toraH

<
DREQO, DREQ1

Figure22.21 DMAC (DREQ) Input Timing

T | T2orT3

. [\

trep trep

| |
TENDO, TEND1 .
D)

Figure22.22 DMAC (TEND) Output Timing

A
\
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(read)

D15 to DO
(read)

—
AW
LHWR, LLWR \ [
(write)
{
\

D15 to DO
(write)

i

tbacp1 tpbacp2

DACKO to DACK3
(DKC = 0)

Hf
1

tpacp2 tpacp2
.

DACKO to DACK3
(DKC = 1)

TL

XE'A

RD/WR

Figure22.23 DMAC Single-Address Transfer Timing: 2-State Access
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(read) \ /

D15 to DO

LHWR, LLWR e

(write) \ /

D15 to DO /

(write) \ )_
foaco! toacp2

\%

DACKO to DACK3
(DKC = 0)

tpaco2 toacp2
— —

DACKO to DACK3
(DKC = 1)

- S
RD/WR X X

Figure22.24 DMAC Single-Address Transfer Timing: 3-State Access
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Input data setup time tons 25 — ns
Input data hold time torn 25 — ns
TPU Timer output delay time troco — 40 ns Figure
Timer input setup time tcs 25 — ns
Timer clock input setup time  t,,, 25 — ns Figure
Timer clock  Single-edge S 1.5 — e
pulse width  setting
Both-edge | S 25 — oo
setting
PPG Pulse output delay time tooo — 40 ns Figure
8-bit Timer output delay time oo — 40 ns Figure
timer Timer reset input setup time 1t 25 — ns Figure
Timer clock input setup time 1t 25 — ns Figure
Timer clock  Single-edge tvown 1.5 — oo
pulse width  setting
Both-edge | S 25 — e
setting
WDT Overflow output delay time tovo — 40 ns Figure
SCI Input clock  Asynchronous . — e Figure
cycle Clocked —
synchronous
Input clock pulse width teokw 0.4 0.6 toeye
Input clock rise time oo — 1.5 t.
Input clock fall time t — 1.5 t

'SCKf

cyc

RENESAS
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| — - ) >

P
° J{ \ \ \
ters | tPRH.
Ports 110 3, 5, 6, A, - —
B, Dto F, H, I (read)
tpwp
—

Ports 110 3, 6, A,

B, Dto F, H, | (write)

Figure22.25 1/0O Port Input/Output Timing

Po

Output compare

\

NS

—

troco

output*

Input capture

input*

Note:

trics

* TIOCAO to TIOCAS5, TIOCBO to TIOCBS5, TIOCCO, TIOCC3, TIOCDO, TIOCD3

Figure22.26 TPU Input/Output Timing

P

T

TCLKA to TCLKD L

((
) )

trokwi trekwh

Figure

22.27 TPU Clock Input Timing
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Figure22.29 8-Bit Timer Output Timing

e J o/ \ /L

trmRs

TMRIO to TMRI3

Figure22.30 8-Bit Timer Reset Input Timing

N e

frmes| trves

TMCIO to TMCI3 a g A
(o]
- 9 ‘7 ) - \

|
trmewe trmewH

tl

Figure22.31 8-Bit Timer Clock Input Timing
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twovp twovp

WDTOVF
—

Figure22.32 WDT Output Timing
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tszsl tRxH
RxDO to RxD2, kel Bniet

?r;(l:):ive data) X X X X:

Figure22.34 SCI Input/Output Timing: Clocked Synchronous Mode

oo\ L/ S

trras

ADTRGO

Figure22.35 A/D Converter External Trigger Input Timing
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Conversion time 1.4 — — USs
Analog input capacitance — — 20 pF
Permissible signal source impedance — — 10 k¢
Nonlinearity error — — +7.5 LS
Offset error — — +7.5 LS
Full-scale error — — +7.5 LS
Quantization error — +0.5 — LS
Absolute accuracy — — +8.0 LS
22.5 DIA Conversion Characteristics
Table22.10 D/A Conversion Characteristics
Conditions: V..=30V1t03.6V,AV=30V1t03.6V,V_ =30VtoAV_,

V=AV,=0V,P$ =28 MHz to 35 MHz,

T, =-20°C to +75°C (regular specifications),

T, =-40°C to +85°C (wide-range specifications)
Item Min. Typ. Max. Unit Test Condi
Resolution 8 8 8 Bit
Conversion time — — 10 us 20-pF capa
Absolute accuracy — +2.0 +3.0 LSB 2-MQ resist

— — +2.0 LSB 4-MQ resist
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Test

Item Symbol Min. Typ. Max. Unit Cone
Programming time*" #*#* — 1 10 ms/128 bytes
Erasure timex" ** ** t. — 250 1500  ms/4-Kbyte

block
— 500 4000  ms/32-Kbyte
block
— 750 6500 ms/64-Kbyte
block
Programming time DI — 6 18 s/768 Kbytes T, =
(total)*" 2 **
Erasure time (total)*"**** % _ — 10 30 s/768 Kbytes T, =
Programming, Erasure 2 ee — 16 48 s/768 Kbytes T, =
time (total)*" #* **
Overwrite count Noec 100+*  — — times
Data save time*° T 10 — — years

Notes: 1. Programming time and erase time depend on data in the flash memory.
2. Programming time and erase time do not include time for data transfer.

3. All the characteristics after programming are guaranteed within this value (gua
value is from 1 to Min. value).
4. Characteristics when programming is performed within the Min. value
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Programming time*" *=** — 1 10 ms/128 bytes
Erasure timex" ** +* t. — 250 1500  ms/4-Kbyte
block
— 500 4000 ms/32-Kbyte
block
— 750 6500 ms/64-Kbyte
block
Programming time Ze — 4 12 s/512 Kbytes T, =
(total)*" ##
Erasure time (total)*"**** % _ — 10 30 s/512 Kbytes T, =
Programming, Erasure 2 e — 14 42 s/512 Kbytes T, =
time (total)*" #* **
Overwrite count Noec 100+*  — — times
Data retention time** Tore 10 — — years
Notes: 1. Programming time and erasure time depend on the data in the flash memory
2. Programming time and erasure time do not include time for data transfer.
3. All the characteristics after programming are guaranteed within this value (gu

4.

value is from 1 to Min. value).

Characteristics when programming is performed within the Min. value
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Port 2 All HI-Z HI-Z Keep Keep Kee
Part3 All Hi-Z Hi-Z Keep Keep Kee
R55 to All Hi-Z Hi-Z Hi-Z Hi-Z Kee
P50
P56/ All Hi-Z Hi-Z [DAOEO=1] [DAOEO=1] Kee
AN6/

Kee Kee
DAO/ P P
RQ6-B [DAOEO =0] [DAOEO =0]

Hi-Z Hi-Z
P57/ All Hi-Z Hi-Z [DAOE1=1] [DAOE1=1] Kee
AN7/

Kee Kee
DA1/ P P
RQ7-B [DAOE1=0] [DAOE1 =0]

Hi-Z Hi-Z
P65 to All Hi-Z Hi-Z Keep Keep Kee
P60
PAO/ All Hi-Z Hi-Z [BREQO [BREQO [BF

BREQO/
BS-A

output]
Hi-Z

[BS output]
Keep

[Other than
above]

Keep

output]
Hi-Z

[BS output]
Hi-Z

[Other than
above]

Keep
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PA2/ Al Hi-Z Hi-Z [BREQinput] [BREQinput] [BRE

Hi-Z Hi-Z Hi-Z
WAIT - - o
[WAIT input] [WAIT input] [WAI
Hi-Z Hi-Z Hi-Z
[Other than [Other than
above] above]
Keep Keep
PA3/ Single-chip mode Hi-Z Hi-Z Keep Keep Keer
LLWR/ (EXPE = 0)
LLB External extended  H Hi-Z H Hi-Z Hi-Z
mode (EXPE = 1)
PA4/ Single-chip mode Hi-Z Hi-Z Keep Keep Keer
LHWR/ (EXPE = 0)
LUB External extended  H Hi-Z [(AWR, LUB [LHWR,LUB [LAV
mode (EXPE = 1) output] output] outp!
H Hi-Z Hi-Z
[Other than [Other than [Othe
above] above] abov
Keep Keep Keer
PA5/RD  Single-chip mode  Hi-Z Hi-Z Keep Keep Keer
(EXPE = 0)
External extended H Hi-Z H Hi-Z Hi-Z

mode (EXPE = 1)
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PA7/B¢ Single-chip mode HI-Z Hi-Z [Clock output] [Clock output] [Clc
(EXPE=0) H H Clo
External extended  Clock output Hi-Z [Other than [Other than [Ot
mode (EXPE =1) above] above] abc
Keep Keep Kee
PBO/ Single-chip mode  Hi-Z Hi-z [CS output] [CS output] [CS
CSo0/ (EXPE = 0) H Hi-Z Hi-
cs4/ External extended  H
BaE. Xieral exiende [Other than [Other than [Ot
CS5B  mode (EXPE = 1
ode ( =1) above] above] abc
Keep Keep Kee
PB1/ All Hi-Z Hi-Z [CS output] [CS output] [CS
CS1/ H Hi-Z Hi-.
CS2-B/
CSB5.A/ [(t))ther than [(zther than [?)ﬂ
CS6-B/ above] above] abc
CS7-B Keep Keep Kee
PB2/ All Hi-Z Hi-Z [CS output] [CS output] [CS
oS2-A H Hi-Z Hi-
CS6-A
[Other than [Other than [Ofl
above] above] abc
Keep Keep Kee
PB3/ All Hi-Z Hi-Z [CS output] [CS output] [CS
oS3/ H Hi-Z Hi-
CS7-A
[Other than [Other than [Ofl
above] above] abc
Keep Keep Kee
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Single-chip mode Hi-Z Hi-Z Keep Keep Keer

(EXPE = 0)
Port E External extended L Hi-Z Keep Hi-Z Hi-Z
mode (EXPE = 1)
ROM enabled Hi-Z Hi-Z Keep [Address [Add
extended mode output] outp!
Hi-Z Hi-Z
[Other than [Othe
above] abov
Keep Keer
Single-chip mode Hi-Z Hi-Z Keep Keep Keer
(EXPE = 0)
PF7 to External extended L/ Hi-Z Keep [Address [Add
PFO mode (EXPE =1) Hi-Z* output] outp!
Hi-Z Hi-Z
[Other than [Othe
above] abov
Keep Keer
Single-chip mode Hi-Z Hi-Z Keep Keep Keer
(EXPE = 0)
Port H Single-chip mode Hi-Z Hi-Z Keep Keep Keer
(EXPE = 0)
External extended  Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z

mode (EXPE = 1)
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32-bit

Hi-Z

RiI-Z Ri-Z

RiI-Z Hi-2

bus
mode
[Legend]
H: High level
L: Low level

Keep: Input ports become high-impedance, and output ports retain the state.

Hi-Z: High impedance

RENESAS
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FigureC.1 Package Dimensions (TFP-120V)
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Vb, ViU 1, VIDUU \AlIWdYys Uused ds 1ode pirs)

NMI e Connectto V , via a pull-up resistor.

EXTAL (Always used as a clock pin)

XTAL e Leave the pin unconnected.

WDTOVF e Leave the pin unconnected.

Port 1 ¢ Connect each pin to V, via a pull-up resistor or to V, via a pull-

Port 2 resistor.

Port 3

Port 6

PA2 to PAO

PB3 to PB1

PF7 to PF5

Port 5 e Connect each pin to AV via a pull-up resistor or to AV, via a p
resistor.
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the pin unconnected.
PBO e Since this is the CS0 output in its
initial state, leave the pin
unconnected.
Port D e Since this is the address output in
Port E its initial state, leave the pin
PF4 to PFO unconnected.
Port H (Used as a data bus)
Port | (Used as a data |Since this is a general-purpose input
bus) port in its initial state, connect each
pin to V, via a pull-up resistor or
connect each pin to V via a pull-
down resistor.
rof e Connectto AV

Notes: 1. Do not change the initial value (input buffer disabled) of PnICR corresponding
unused pin.

2. When changing the pin function from its initial state, use a pull-up or pull-dow
as needed.
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Note

18.8.2 User Program Mode 689

(2) Programming Procedure in
User Program Mode

Modified

3. After initializing VBR to H'00000000, set th
to 1 to execute download. To set the SCO
of the following conditions must be satisfie

—The values of general registers other t
and ER1 are held during download.

18.13 Standard Serial 721
Communication Interface
Specifications for Boot Mode

(3) Inquiry and Selection States
(e) Multiplication Ratio Inquiry

Modified

* Command, H'22, (one byte): Inquiry regarding multiplication ratio

Response H'32 Size Number of
multiplica-
tion types

Number of Multipli-

multiplication cation

ratios ratio

SUM

* Response, H'32, (one byte): Response to the multiplication ratio inquiry

* Size (one byte): The amount of data that represents the number of multiplicatior
multiplication ratios and the multiplication ratios

« Number of multiplication types (one byte): The number of multiplication types to

can be set.

« Multiplication ratio (one byte)
Multiplication ratio: The value of the multiplication ratio (e.g. when the clock-freq
four, the value of multiplication ratio will be H'04.)
Division ratio: The inverse of the division ratio, i.e. a negative number (e.g. wher
divided by two, the value of division ratio will be H'FE. HFE = D'-2)
The number of multiplication ratios returned is the same as the number of multip

as many groups of data are returned as there are multiplication types.
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« Number of multiplication types (one byte): The number of multiplication types to wi

can be set.

18.14 Usage Notes 743  Modified

15. The contents of general registers ERO and
not saved during download of an on-chip p
initialization, programming, or erasure. Wh
needed, save the general registers before
download request or before execution of
initialization, programming, or erasure usin
procedure program.

19.5.1 Notes on Clock Pulse 751 Deleted
Generator
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A

A/D conversion acCuracy............cecueevvne 637
A/D CONVETLET ... 625
Absolute accuracy..........cceevvevveeverneennennn. 637
Address error ........coceveverereeienieenenene 82
Address Mmap ......ccoceveeeveviiecienienieieeieens 71
Address modes.........cocevevereeienienenennns 259
Address/data multiplexed

I/O interface........ccoceeeeeveveecneneenee. 166, 201
All-module-clock-stop mode.......... 756, 767
AT€A 0 oot 167
AT€A 1 oo 167
ATCA 2 oo 168
ATCA 3 oo 168
ATCA 4 oo 169
ATCAS oot 170
ATCA 6 .o 170
ATCA T it 171
Area diVISION......c.eeoverierieieie e 161
Asynchronous mode ...........cccceeverieneene 583
AT-cut parallel-resonance type............... 749
Available output signals and settings

N €aCh POIt ..ccveevieiieiieiecieeeee e, 386
Average transfer rate generator............... 552
B

B¢ clock output control ..........ccccceuenene 777

DUS dlDIUAUOI....coveiiiiiiiiiiniiii.
Bus configuration.............cccu......
Bus controller (BSC)....................
Bus cycle division...........cc.eeeue.e..
Bus modes.......cccoeevveiieiiiieniiennen.
Bus width .....cccoeovveiiieieeee,
Bus-released state..........c.cceenenne..
Byte control SRAM interface ......

C

Cascaded connection....................
Cascaded operation......................
Chain transfer.........coccecevevenennene
Chip select signals............cccu.......
Clock pulse generator ..................
Clock synchronization cycle (Tsy
Clocked synchronous mode .........
Communications protocol............
Compare match A ...........cceeueeee.
Compare match B ........c..cceceeee.
Compare match count mode ........
Compare match signal..................
CPU priority control function
over DTC and DMAC..................
Crystal resonator ...........cccceeeueeneee.
Cycle stealing mode.....................
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Dual address mode...........cccveveeeuveeeennnnn.. 259

E

Endian and data alignment ..................... 172
Endian format.........ccccooevenininicninennne 164
Error protection ..........cceeeevveevervesneenne. 707
Error signal.........cccoevveeievieeciieiecieeenne, 608
Exception handling............cccceeevevveniiennnne 75
Exception handling vector table ............... 76
Exception-handling state ...........c..cccoeeeee. 61
Extended repeat area...........occeevveevenenne. 257
Extended repeat area function ................ 270
Extension of chip select (CS)

asSertion Period........c.eevveeveeveevereeivenenns 185
External access bus........cccocevevencreennene 153
External bus.......cccceveevieniniiieceeeee, 158
External bus clock (Bd).................. 154, 745
External bus interface..........cccoceveenennee. 163
External clocK........ccocvevenieniniiieene. 750
External interrupts ........cceeeevveereeeeneeenne. 107
F

Flash erase block select parameter ......... 679
Flash memory .......ccccceevevvvecieeiesieneenne. 651
Flash multipurpose address

area Parameter .........ceeevveerveereeeneeeneeens 677

G

General illegal instructions.............

General registers

H

Hardware protection ......................
Hardware standby mode ................

|

I/O ports.............
ID code...............
Idle cycle............

Illegal instruction...........ccceeeenneene.
Input buffer control register ...........
Internal block diagram...................
Internal interrupts..........ccceeveennennen.
Internal peripheral bus....................
Internal system bus ...........cceeue.e..

Interrupt .............

Interrupt control mode O ................
Interrupt control mode 2 ................
Interrupt controller...........ccoceeuenee
Interrupt exception handling sequet
Interrupt exception handling

vector table.........

Interrupt response times.................

Interrupt sources
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M

Mark State .....ccvvveeeeeeeeiiieeeeeeeene 583, 620
MCU operating modes............ceveeverrrennenn 63
Memory MAT configuration .................. 655
Mode 1. 68
MOde 2. 68
Mode 4. 68
MOdE 5. 68
MOdE 6. 69
MOdE 7.t 69
MOdE Pifl...eeereieiieiieieeieeee e 63
Module stop function.........c.cccceevervrennene 765
Multi-clock function.........ccceceevevieiennene 765
Multiprocessor bit........ccceeveereereereeennne. 594
Multiprocessor communication
FUNCLION....coiiieie e, 594
N

NMI nterrupt.....cceeeveeeeeeveneeneeseeveennens 107
Nonlinearity error ........c.ecveeveeververeeennens 637
Non-overlapping pulse output ................ 505
Normal transfer mode..................... 262,327
Number of access cycles.........ccevvevennen. 165

Output trigger......ccvvevveecveererenennen.
OVerflow .....ccveevveieeieeieieieeen

P

Package dimensions.....................
Parity bit.......ccoeevveerieiecieeeieen,
Periodic count operation ..............
Peripheral module clock (P9).......
Pin assignments...........c.cceeveennenen.
Pin functions ........ccccecvevenenennenne.
PLL Circuit..c..coeverenenerceieeennes
Port function controller................
Port register........cecveverierieenennen.
Power-down modes...........c..c.......
Procedure program.......................
Processing states ...........cccceeunen.
Product lineup.......cccccevvvevveennnen.
Program execution state................
Program stop state........c...ccecueenne.
Programmable pulse generator (P
Programmer mode............c.c.c......
Programming/erasing interface.....
Programming/

erasing interface parameters.........
Programming/

erasing interface register ..............
Protection.......c.ceceveeeecveieiennenne.
Pull-up MOS control register-.......
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ABWCR oo 133, 783, 795, 805 FMPDR.....oooiiiiiieeeee
ADCR ..o, 631, 787, 800, 809 FPCS oo 664, 784
ADCSR ..o 629, 787, 800, 809 FPEFEQ....cccoiiiiieeieeieeies
ADDR..ooooo 628, 787, 800, 809 FPFR ...,
ASTCR ..o, 134, 783, 795, 805 FTDAR .o 666, 784
1:10):3 NTI 145, 783, 795, 805 ICR s 355, 780
BCR2 ..o, 147, 783, 795, 805 IDLCR ..o, 143,783
BROMCR ... 150, 783, 796, 806 TER .o 99, 785
15320 S 574,786, 799, 809 INTCR oo 94, 785
(€16 29 IPR s 97,782
CPUPCR....voeerrrrnenn. 95, 785, 798, 807 ISCRH. oo 101, 782
(€127 N 313 ISCRL oo 101, 782
(€13 T 314 ISR oo 105, 785
CSACR oo 141, 783, 795, 805 MAC .t
DY NG) S 252,781, 792, 804 MDCR...ooiiiinns 64, 783
DACRO! ... 645, 786, 799, 808 MPXCR ..o 152,783
DADRO ..o 644, 786, 799, 808 MRA .o,
DADRI oo 644, 786, 799, 808 MRB ..o,
15 YN S 313 MSTPCRA.........c........ 761,783
DBSR..ooovoeeereerrenn. 242,781, 791, 804 MSTPCRB................ 761,783
DDAR.......coovrvererrr. 239, 781, 791, 804 MSTPCRC......ooene. 764,783
15)0): S 353, 780, 790, 803 NDERH......ooriirinnn. 493, 786.
DMDR ..., 243,781, 792, 804 NDERL......cooviriinns 493, 786,
19) Y0 2ES) < 258 NDRH.....coooviiirins 496, 786.
15102 S 240, 781, 791, 804 NDRL ..., 496, 786.
1) 32 670 ODR...oines 357,781
DR oo 354, 780, 790, 803 PC o,
DSAR ...oovveeeeeean. 238, 781, 791, 804 PCR (VO ports)........... 356, 780.
DTCCR....cooovveereren. 316, 785, 798, 807 PCR (PPG)...cccovinene 499, 786
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PODRL.......ccccevennenn. 495, 786, 799, 809

17002 W 354, 785, 798, 808
RAMER ..o, 680, 783, 796, 806
RDNCR .....ooerorrer. 140, 783, 795, 805
1:30) S 556, 786, 799, 809
L0 2 S 555
RSTCSR ..o 542,787, 800, 810
YN 313
SBRu..oooooeeeeeereseeeeee e eseeseee e 31
SBYCR ..o, 758, 783, 796, 806
SCKCR ..o, 746, 783, 796, 806
SCMR ..., 573, 786, 799, 809
&) 560, 786, 799, 809
N)Y0: S 581, 783, 796, 806
SMR...ovooerreeereeree, 557, 786, 799, 809
SRAMCR ......ovoorreenn.. 149, 783, 796, 806
SSIER ..o, 106, 781, 791, 804
SSR .o, 564, 786, 799, 809
SYSCR v, 66, 783, 796, 806
TCCR oo 519, 787, 800, 810
TCNT (TMR) ............. 516, 787, 800, 810
TCNT (TPU).....oooo..... 442,788, 801, 810
TCNT (WDT)............. 540, 787, 800, 810
TCORA....ocoeeeerrer. 516, 787, 800, 810
TCORB......ooererreer. 517, 787, 800, 810
TCR (TMR).......ccon..... 517, 787, 800, 810
TCR (TPU) .. 412,787, 801, 810
TCSR (TMR).............. 521, 787, 800, 810
TCSR (WDT)............ 541,787, 800, 810

Resetstate ...
Resolution ......cceeeveveveeeiceeeeinnene.

S

Sample-and-hold circuit...............
Scan mode........ccocveierierieniiene
Serial communication interface (S
Short address mode.......................
Single address mode ....................
Single mode .........ccoceveenieniennn.
Sleep mode........coceeeereenveniiene
Slot illegal instruction...................
Smart card interface.....................
Software protection......................
Software standby mode................
Space State......ccoevveerveerreenveenenenn
Stack status after exception handl
Standard serial communication
interface specifications for boot 1
Start bit......coeveeeneneneeeeieeene
State transitions.........c.ccceeeverenenn
Stop Dit..eeeeeeeieeieieeieeeeeeee
Strobe assert/negate timing...........
Synchronous clearing...................
Synchronous presetting................
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Tre;nsfer MOAES ..oeeveevieeeeeeeeeeeeeeeeee 262

Watchdog timer (WDT).................
Transmit/receive data .........ccooceverennnne. 583 Watchdog timer mode...................
Trap instruction exception handling ......... 85 Write data buffer function..............
Write data buffer function
for external data bus.......................
U Write data buffer function
User boot MAT.......ccoevveieeieieeeeee, 655 for peripheral modules...................
User boot mode..........cccvvvvveuverennnne. 653, 696
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